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| Instruments 


uw. F. BEHAR, Editor 





N spite of one confusing typographical error, our Febru- 
[er editorial, ‘“Instrumentation’s Foe: Statism,’ stated 
the issue so clearly that no subscriber should have misin- 
terpreted its warning. It would seem, however, that techni- 
cal people are so busy these days that many of them do not 
read editorials carefully. Reference is not made to criticisms 
from sundry believers in the dictatorships which this page 
attacked. Reference is made to criticisms from friends—from 
believers in America’s form of government, some of whom 
seem to have read between the lines various opinions which 
were neither implied nor intended. 


Brief extracts are repeated for emphasis: 

Instruments does not pretend to know more than smart radio 
commentators. ... Instruments HOPES that this country will not 
drift into Statism, .. . Instruments, however, SEES signs that 
this drift is gathering momentum... . Instruments heartily ap- 
proves the humane AIMS sought for . . . to lessen poverty, disease, 
ignorance, slums, crime and other evils. One trouble with the 
popular thinking of this post-war world is the weary falling back 
on the false philosophy that the end justifies the means, when 
history has proved a hundred times—and is proving today in 
dietator-ridden countries—that the means determine the end. 

The means determine the end. Never forget that for a moment, 
if you wish to preserve your economic and political freedoms! 

What we instrument people have today . .. isn’t Utopia; it’s far 
from perfect ; nevertheless it’s the best system on earth today! 

Government ownership of means of production, transportation, 
communications, etc. . . . would transform the American system 
into its opposite, namely Statism. . . . Good-bye Incentive! 

Government ownership of a manufacturing industry inhibits 
Incentive and thereby hampers progress. 


Never has this page advocated that industry should take 
over Government functions which benefit private enterprise. 
Often has this page lauded the Bureau of Standards, the 
Bureau of Mines, the numerous Agriculture, Interior, Treas- 
ury, Justice, Army, Navy and Air Force laboratories, etc. 
In February, this page added the Atomic Energy Commis- 
sion to the list of admirable Government activities. 


So it is deplorable that a Government scientist who has 
been a subscriber for more than fifteen years denounces “an 
editorial crack at Government employees.” He asserts: 

Incentive does NOT go out the window when you enter Govern- 
ment service. Nor is it damped, diluted or destroyed by such serv- 
iee—that is, not unless your only incentive is to make a pile of 
money, and I’ll venture the guess that making a pile of money 
has been the least of your incentives. 

He mentions having received a medal and certificate for 
inventing what he modestly calls a “gadget” (which we 
must not name here because it would disclose his identity 
against his wish). Then he goes on: 

I had not done my work for that type of reward or for any 
financial promotions I received: I got my satisfaction out of 
originating a [name of invention] ... “Good-bye Incentive” when 
you work for the Government? I don’t understand that; I thought 
I was working for M. F. Behar and tens of millions of other 
people... . We are working for IDEAS and PEOPLE. We get 
Our satisfaction in the head and heart. Are your “incentives” 
any different? I'll bet not. I think you missed the nail and pounded 
your finger, that time. 


He also accuses us of “probably” calling him and his co- 
workers “Bureaucrats and Government clerks.” 


Extracts from our reply: 

.. « Editorial makes it plain that /nstrwments admires Govern- 
ment scientific activities states explicitly that “there are 
nereasingly large areas for central-government functions that 
rotect and strengthen our democratic form of government.” 

You are right in asserting that you and other government 
‘ientists have an incentive far nobler than making money ; your 
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guess that a similar incentive rules my life is correct; that is why 
1 do not and cannot think of you as a “bureaucrat."’ 

You attribute to me a contempt for “most’’ Government workers 
which I do not feel as long as they are typified by you, as well 
as by my G-man relative and my Bureau of Standards friends 
at whose homes I stay when I visit Washington and who stay at 
my home when they visit Pittsburgh. 

Perhaps you have been made hypersensitive by those who vilify 
“bureaucrats” in order to divert attention from selfish interests 

. vilification that has been going on for a quarter-century (I 
think it began when Democratic congressmen criticized the estab- 
lishment of new independent agencies by Presidents Coolidge and 
Hoover) ; but you ought to know that intelligent citizens can't 
be fooled. 

Intelligent citizens, when they use the word “bureaucrats,” have 
in mind big-shot political appointees—officials who wield more 
power than is safe, who write their own “laws” and enforce them 
in favor of their pals and against companies or industries or seg 
ments of the population that happen to be out of favor. Probably 
the best presentation of the attitude of intelligent citizens toward 
“bureaucrats” is the series of comments on the nomination of a 
non-engineer to an important technical Federal Commission, 
printed in The American Engineer, organ of the National Associ- 
ation of Professional Engineers—a body of unquestionably intelli 
gent citizens. 

You display hypersensitiveness in accusing me of labeling most 
Government workers “government clerks” private industry, 
as well as Government, is cursed with too many job-safe clock- 
watchers who, just once in their lives, passed an exam for a 
routine job protected by civil-service or company-rule or union- 
contract provisions and, ever since then, display no intelligence but 
use a sort of animal cunning to avoid getting fired, ... There is 
an important difference. If a company does not extirpate these 
termites, it may go bankrupt; but governmental agencies—not so 
much Federal as city, county and state—go on and on and on. 

Public belief that the proportion of human trash is VERY 
high in government agencies and VERY low in private industry. 
Statistics being unobtainable, the only correct opinion would be 
that the proportions are TOO high in both. 


Instruments repeats that it sees a drift toward Statism. 

This drift is accelerating. Its acceleration began with the 
NRA and other measures that ended the big depression; but 
the drift began long before that, when groups—including 
“rugged individualists’—asked Washington for “protec- 
tion,” for “security.” The moment one pressure group got 
the laws it wanted, others joined the “gimme” chorus. Cen- 
tral-government “protection” and “security” cost dearly. 
They weaken private enterprise even when private enter- 
prise is the “beneficiary.” And when a central government 
makes everybody “secure,” nobody is free and “government” 
is no longer a body of laws but a bunch of Commissars or 
Gauleiters over whom the people have lost control. 


Instruments declares emphatically that Statism in any of 
its forms is your enemy because it would kill our present 
system of Publicly-Regulated Capitalism. We say our “pres- 
ent” system but the excellence of this system consists in its 
being constantly improved. Statism is static; our Federal! 
Republic is a dynamic form; it is a growing organism. You 
are one of its rulers; under Statism you would be a slave 
of the State and the State would be—as in all modern dic- 
tatorships—an unholy alliance of unscrupulous big shots 
and gun-toting gutter gangsters. 

We repeat that the danger seems remote but now we add 
that it is less remote than it was in February because you 
and you and you have not written to your Senators and 
Representatives that you oppose ALL Socialistic means, 
however good the ends may seem. 

Help avert the danger by writing earnest letters to them, 
discussing in your own words some of the specific Socialistic 
measures now pending. 
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By K. E. COULTER and R. W. CERMAK, The Dow Chemical Company, Midland, Michigan. pi 
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NDUSTRY at the present time has —_In the operation of distillation col- reboiler (185 times 120), 1620 0, BM - 
in operation a considerable number umns, the factor to be controlled is the 117.5 lbs. per hour are vaporiz per pe as! 
of pneumatically-set instrument com- composition of the products leaving the deg. F. change between steam ai mo. nt ¢ 
binations, such as pressure controllers top and bottom of the unit. To control terial in the reboiler. psy 
resetting flow controllers, temperature composition some variable must be (6) Only one component exists |), th, 511 | 
controllers resetting both flow control- measured in the column which can be _reboiler. at 
lers and pressure controllers, ete. Such interpreted in terms of composition and (7) Normal reboiler steam pressuyy pray 
combinations allow more precise con- used for control purposes. A few vari- 40 psig. Nev 
trol to be attained. ables which may be measured are tem- 140 ti 


A typical application where pneumat- 
ically-set instrument combinations are 
useful is on packed distillation columns. 
The control of packed distillation 
columns as used in commercial chemical 
plants and pilot plants becomes a rather 
difficult job when the cclumns are 
pushed to capacity and, as in many 
cases, when they consist of general- 
purpose equipment for use on a variety 
of different materials. .In many in- 
stances, steam lines, valves, controllers 
and reboilers are used on a number of 
products and, in many cases, may be 
either over-size or under-size. When 
over-size reboilers are used on packed 
columns, unless precautions are taken 
regarding the flow of steam, the column 
is likely to surge, owing to a large steam 
input for a small period at a low rate 
at which fractionation is very poor. 

Packed columns should be operated at 
all times near the flooding and loading 
points, as shown some years ago in the 
article by Smoker.* As can be seen 
from Smoker’s work, a packed column 
has the maximum number of plates and 
maximum throughput when operated 
just below the flooding point, so all 
‘flows in the column should be controlled 
near the maximum values. As can be 
seen from Fig. 3, maximum capacity 
and efficiency exist over a very narrow 
range as compared to plate columns** 
where maximum efficiency may be ob- 
tained over a relatively wide range. 

If precise control is not attained in a 
packed distillation column the efficiency 
will vary greatly and the results ob- 
tained may be discouraging. 


In order to attain precise control, 


consideration must be given to: 
(1) steam valve sizes ; 
ranges of temperature instruments ; 
ranges of pressure instruments ; 
reboiler sizes ; 
temperature differences between 
steam and material being vaporized; and 
(3) the over-all heat transfer coefficients 
on the reboiler. 


Of the above-mentioned, only steam 
valve sizes and selection of instruments 
and ranges as well as temperature dif- 
ference across the reboiler can be var- 
ied, all other factors being fixed for 
any installation. 


*E. H. Smoker, Trans. A.J.Ch.E., Vol. 40, 
1944, No. 1, pages 105-116, 

**G. G. Brown and F. J. Lockhart, Trans. 
A.I.Ch.B., Vol. 39, 19438, No. 1, pages 68-75. 
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perature, refractive index, thermal con- 
ductivity, dielectric constant, specific 
gravity, etc. For the particular case to 
be illustrated, the assumptions have 
been made that temperature is the vari- 
able and that the temperature gradient 
in the column is sufficiently great for 
satisfactory operation of the tempera- 
ture controller. 
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An example of how the above should 
be taken into consideration is best 
shown by the solutions of the follow- 
ing problems: 

I.—-Where the steam to the reboiler 
is controlled directly by a temperature 
controller having its temperature point 
in the column. (See Fig. 1.) 

II.—Where the steam to the reboiler 
is controlled from a temperature point 
in the column, using a temperature 
controller resetting a steam pressure 
controller. (See Fig. 2.) 


The following conditions and sizes 
exist in both cases: 

(1) Measured over-all heat transfer 
coefficient on reboiler, 135 Btu. per hr. 
per sq. ft. per deg. F. difference. 

(2) Area of heating surface in re- 
boiler, 120 sq. ft. 

(3) Latent heat of vaporization of 
material in reboiler, 140 Btu. per Ib. 

(4) Normal vaporization rate, 2400 
Ibs. per hour. 

(5) Btu. transferred per hour per 
deg. F. change in temperature differ- 
ence between steam and material in the 


SOLUTION OF First (Fig. 1) Prosiey 


Investigation of the effect of steay 
valve sizes between maximum and 
minimum recommended pressure drop; 
across the valve as shown in Fig. 1: 

2400 times 140 equals 336,000 Bty. 
per hr. normal heat transfer rate.” 

Latent heat of vaporization of steam 
equals 920 Btu. per Ib. 
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336,000 over 920 gives 365 lbs. of 
steam per hour. 

Pressure upstream of valve, 95 psia; 

Pressure on reboiler, 55 psia; 

Pressure difference, 40 psi. 

Equivalent valve size (from Fox- 
boro slide rule), 0.563 in. Since this is 
an odd size, use a three-quarter-inch 
valve having’ a maximum capacity of 
700 lbs. of steam per hour. 

Percent of total flow at normal va- 
porization rate, 365 over 700, times 100, 
equals 52.2. 

From valve characteristic curve 
(Fig. 4), valve is 84 percent open. 


Standard air-to-open valve is closed 
at 3 psi diaphragm pressure and open 
at 15 psi corresponding to a pressure 
change of 12 psi on the diaphragm of 
the valve, To open control valve 84 per- 
cent requires 0.84 times 12 plus 3, or 
13.1 psi applied to diaphragm. 

Temperature recorder-controller chart 
range is 0-200 deg. C. Chart width is 
4.6 inches. Degrees C. per inch of pen 
movement, 200 over 4.6, or 43.5 deg. 

Using a control sensitivity setting of 
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«99,” corresponding to 20-psi change in 
air pressure to control-valve diaphragm 

r inch of pen movement, we get 43.5 
over 20, or 2.17 deg. per psi change in 
output pressure. 

Let us assume a temperature change 
of 2.17 deg. C. or an output air pres- 
sure change of 1 psi. Air pressure on 
diaphragm is now 13.1 plus 1 or 14.1 
psi and the valve is (10.1 plus 1) over 
12, or 92.5 percent open, and (again 
referring to Fig. 4) is passing 73 per- 
cent of its total flow, which is 700 
times 0.78, or 511 lbs. per hour. 

511 times 100 over 365 equals 140 per- 
cent of original or 40 percent increase 
in vapor rate up the column. 

New vapor rate up the column is now 
1.40 times 2400 or 3360 lbs. per hr. as 


“40,” a 1.085 deg. C. temperature drop 
causes a 1 psi increase in output air 
pressure to valve diaphragm. The 
valve now has 14.3 plus 1 or 15.3 psi 
air pressure on its diaphragm and is 
wide open. 

When temperature drops 1.085 deg. 
C., the vaporization rate becomes 460 
times 100 over 365, or 126.01 percent of 
original, which is an increase of 26.0 
percent. 

New vapor rate becomes 1.26 times 
2400 or 3020 lbs. per hour as compared 
to 2400 under normal operation. 


SOLUTION OF SECOND (Fig. 2) PROBLEM 


As shown above, the maximum and 
minimum pressure drops across the 
valve give 53.5 percent and 26.0 per- 
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compared to 2400 under normal condi- 
tions. 

Recalculate with less pressure drop 
across the valve: 

Upstream pressure, 60.5 psia; 

Downstream pressure, 55 psia; 

Differential, 5.5 psi. 

Valve size, from slide rule, 0.875 in. 
Use a 1-in. valve with a maximum rate 
of 460 Ibs. per hour. 

Percent of valve capacity, 365 times 
100 over 460, or 79.5 percent, corre- 
sponding to valve opening of 94 percent. 

12 times 0.94 equals 11.3, plus 3 
equals 14.8 psi on valve diaphragm. 
With a control sensitivity setting of 


cent increases in vaporization rates, 
which are still too large. Let us now 
recalculate, using the control scheme in 
Fig. 2 with ranges and control settings 
as shown. 

Instrument charts are 4.1 inches wide 
and control sensitivity is set at “5” on 
a 0-60-psig. instrument. Pneumatic set- 
ting mechanism on pressure controller 
moves control index 0.025 inch per psi 
change in output air pressure from the 
temperature controller. 

Change in steam pressure per inch 
of chart, 60 over 4.1, or 14.6 psi. 

Assume as before a 1.085 deg. C. 
drop in temperature on the tempera- 





ture controller, which causes the fol- 
lowing: 

(1) Change in output air pressure 
from temperature controller, 1 psi. 

(2) Pneumatically-set control index 
in pressure controller moves 0.025 
inches, corresponding to 14.6 times 0.025 
or 0.365 psi change in steam pressure 
setting. 

(3) With pressure controller sensi- 
tivity at “5,” output air of pressure 
controller or air to control valve dia- 
phragm changes 0.025 times 5 or 0.125 
lbs. 

(4) Air pressure on diaphragm of 1- 
in. valve is 3 plus 11.3 plus 0.125, or 
14,425, or valve is 95.5 percent open. 

Under these conditions the steam 
pressure in the reboiler has increased 
from 54.7 to 55.065 psia or the tem- 
perature has changed from 286.72 deg. 
F. to 287.17 deg. F. or 0.45 deg. F. The 
change in heat transfer rate is then 
16,200 times 0.45 or 7290 Btu. per hour, 
which causes an increase in vaporiza- 
tion rate of 7290 over 140, or 52 lbs. per 
hour. An increase of 52 lbs. per hour in 
vaporization rate is an overall increase 
of 2.1 percent. This small change is in 
sharp contrast to the 53.5 percent and 
26.0 percent changes previously deter- 
mined. In addition, it illustrates the ad- 
vantages to be obtained by the use of 
pneumatically-set instrument combina- 
tions where the ultimate in close control 
is required. 

After following through on these ex- 
amples, it may be well to re-examine 
the process-equipment factors which 
could vary the operation. They can be 
listed as follows: 

(1) The heat transfer surface in the 
reboiler ; 

(2) The over-all heat transfer coeffi- 
cient; 

(3) The latent heat of vaporization 
of the material in the reboiler. 


An illustration of the above could be 
with the reboiler containing 240 square 
feet of surface, in which case the va- 
porization rate increase -would be dou- 
ble the ones presented; or, if 60 square 
feet were used, the variations would 
have been one-half the values quoted. 

The same would hold for a two-fold 
increase in over-all heat transfer coeffi- 
cient or a 50 percent decrease. 

If the latent heat of vaporization of 
the material in the reboiler were 900 
Btu. per lb. instead of 140, the varia- 
tions would have been 15.8 percent of 
the values quoted. 

Thus it is obvious that these two fac- 
tors, one-half as much heat transfer 
surface and a latent heat of vaporiza- 
tion of 900, could combine and make the 
use of the pneumatically-set instrument 
combination unnecessary. 

The authors realize that with the 
valve sizes and instruments as shown in 
Figs. 1 and 2, a large number of set- 
tings may be made and various vapori- 
zation rates obtained. The illustrative 
problems were given to show the effect 
of instruments and instrument combi- 
nations and also equipment sizes on the 
control conditions which can be ex- 
pected. 
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Fig. 1 


Instrumentation for Flight Testing 


the XB-45 Airplane 


By D. K. WARNER, Supervisor of Flight Test Instrumentation, 
North American Aviation, Inc., Los Anveles, Calif. 


INTRODUCTION 
yess AMERICAN AVIATION 
it is currently delivering one hun- 
dred and thirty-nine B-45 bombers to 
the Air Forces, where they are sched- 
uled for tactical service with the 47th 
Bomber Wing at Barksdale Field, 
Louisiana. Back of this highly-success- 
ful light-bombardment jet-powered air- 
plane (see Fig. 1) lies nearly two years 
of exhaustive testing of the prototype, 
the XB-45. In view of the fact that the 
XB-45 was the first airplane of its 
type ever to be flown, it was extensively 
instrumented to provide engineering in- 
formation on all phases of its operation. 





Fig. 2 
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GENERAL 

Purpose of the instrumentation in- 
stalled in this airplane is to furnish 
recorded data on the 
general items of quantitative informa- 
tion: 

1. Airplane Performance 

2. Engine Performance 

3. Airplane Stability and Control 

4. Structural Strains and Stresses 


To record all these data, the follow- 
ing automatic recording instruments 
are installed in the airplane: 

1. Five photo-recorders (sometimes 
referred to as automatic observers), 
which record the readings of a total 
of 120 separate instruments. 

2. One triple-range Leeds & North- 
rup automatic recording pyrometer po- 
tentiometer, which records tempera- 
tures at 140 different locations. 


3. Three Consolidated Engineering 
Co. 14-channel recording oscillographs, 
which record structural strains at va- 
rious selected locations in the airplane. 


The installation of all these instru- 
ments necessitated several changes in 
the external configuration of the air- 
plane. Supplementing the standard 
source of total-head ram pressure and 
static pressure for measurement of air- 
speed and altitude are a swivelling 
Pitot-static head on the end of a boom 
and also a trailing static bomb which 
is lowered on a length of hose below 
the airplane. The boom on which the 
swivelling Pitot-static head is mounted 


following four 





extends forward from the left wing-ti) 
A multiple-shieided outside air temper 
ature pick-up is mounted under the left 


wing tip. A double-vane device to pick 


up angle-of-yaw and angle-of-attack is 


mounted on the end of a similar boon 
which extends forward from the 1 
wing-tip (see Fig. 2). 
PHOTO-RECORDERS 
Photo-recorder number 1 is located 
in the nose section of the airplane and 
has space for sixteen aircraft instru 
ments. It is so designed that the ir 
strument panel is visible to the occu 
pant of the bombardier’s seat, should 
observer personnel be desired. This 














corde 
pacity 
recor 
locate 
bay. 
corde 
this ] 
3, an 
cal Ww 
1 ree 
space 
ment: 
a mil 
reduc 
Phot 
twen' 
numk 
strun 
16-m: 
has t 
netic 
ers, | 
able 
ment 
solen 
sible 
with 
reco! 
corde 
Fig. 
from 
TI 
reco} 
speer 
to tl 
thre 
arat 
temy 
whie 
to e 
chon 
R.P. 
a 
fron 
for 











cee 





AR 





Fig. 4 

corder uses a camera which has a ¢a- 
pacity of 400 feet of 35-mm. film. Photo- 
recorders numbers 2, 3, 4 and 5 are 
located in the fuselage, aft of the bomb- 
bay. These are all enclosed photo-re- 
corders, as no observer personnel occupy 
this part of the airplane. Recorders 2, 
8, and 4 use cameras which are identi- 
cal with the camera used in the number 
1 recorder. Recorder 2 and 3 each have 
space for thirty-five aircraft instru- 
ments, and in each of these recorders 
a mirror is used to permit an over-all 
reduction in the size of the recorder. 
Photo-recorder number 4 has space for 
twenty-two instruments. Photo-recorder 
number 5 has space for 12 aircraft in- 
struments and uses a Bell and Howell 
16-mm. magazine-loading camera which 
has been equipped with an electromag- 
netic actuator. In each of these record- 
ers, the camera is mounted on adjust- 
able rails to permit exact camera align- 
ment with the recorder-panel, and the 
solenoid actuating mechanism is acces- 
sible for inspection and adjustment 
without removing the camera from the 
recorder. Fig. 83 shows one of the re- 
corders installed in the airplane, and 
Fig. 4 shows a typical sample of film 
from this recorder. 

The instruments mounted in photo- 
recorder number 1 include three air- 
speed indicators which are connected 
to three separate Pitot-static sources, 
three altimeters connected to three sep- 
arate static pressure sources, an air 
temperature indicator, four counters 
which indicate the fuel-flow in gallons 
to each of the four engines, four ta- 
chometers which indicate the turbine 
R.P.M. in each of the four engines, and 
a standard aircraft clock. The data 
from this recorder are primarily used 
for evaluating airplane performance, 
but are also required in part for other 
‘ypes of flight testing. 

Photo-recorders 2 and 3 contain in- 





Fig. 5 
struments which give the necessary 
data for evaluating engine performance. 
To avoid unnecessary duplication, the 
left inboard engine was instrumented 
most fully, and only enough instrumen- 
tation was installed on the other three 
engines to permit over-all performance 
determination and correlation of data 
with the complete data recorded on the 
left inboard engine. 

Airspeed indicators are used to meas- 
ure the flow of air into the compressors 
of the engines. These pressures are sep- 
arately picked up from three separate 
points on each of four symmetrically- 
located rakes in each of the four inlet 
ducts, as shown in Fig. 5. Airspeed in- 
dicators are also used to measure the 
flow of cooling air to the various parts 
of the engines and engine nacelles. The 
pick-ups used for these pressures are 
similar to those used in the inlet ducts. 

Sensitive-reading manifold pressure 
gages are used to measure the flow of 
exhause gas in the tail-pipes of the en- 
gines. These instruments cover a range 
of ten to two hundred inches of mer- 
cury, absolute. The large pointer makes 
nineteen complete revolutions in cover- 
ing the full pressure range of the in- 
strument, and there are one hundred 
dial graduations for each revolution. In 
other words, the complete pressure 
range of the instrument is graduated 
into nineteen hundred parts, thus pro- 
viding excellent readability. The pres- 
sures indicated by these instruments 
are picked up by stainless-steel rakes 
mounted in the tail-pipes. 

Other pressure gages are provided 
to measure primary and_ secondary 
fuel pressure, control oil pressure, and 
fuel pressure into the engine fuel 
pumps. 

In order to avoid loading down the 
standard source of static pressure on 
the airplane with an excessive number 
of instruments, a reference static pres- 
sure chamber is installed in the airplane 
to which some of the power-plant per- 
formance instruments are connected. 
This chamber is in turn referenced to 
the standard static pressure source, 
and this reference pressure is indicated 
by a differential pressure gage. 

The main purpose of photo-recorder 
number 4 is to furnish recorded air- 
plane stability and control data. This 












photo-recorder contains microammeters 
which are connected to the output of 
strain-gage bridges to measure control 
forces, an accelerometer which meas- 
ures vertical acceleration, gyro instru- 
ments which indicate rate-of-yaw, rate- 
of-roll, rate-of-pitch, and airplane 
attitude. With the exception of the 
standard aircraft clock, all the remain- 
ing instruments in this recorder indi 
cate angular displacements of flight 
controls and their trim tabs. Fig. 6 
shows a sample of film from this re 
corder. 

All the instruments in photo-recorde: 
number 5 indicate deflections at various 
locations in the airplane. The transmit 
ter units which are connected to these 
indicators are all geared d-c. Selsy: 
transmitters equipped with lever arms 
and actuating links. 

In measuring aileron, elevator, and 
rudder angles, the desired degree of 
accuracy could not be obtained by using 
single pointer indications. According]: 
special Selsyn transmitter units were 
constructed which actually contained 
two separate Selsyn transmitters, one 
being geared to rotate at four times 
the speed of the other. A pulley is at- 
tached to the operating shaft of one of 
the Selsyn transmitters and this 
turn is connected to the airplane cor 
trol system by means of a flexible braid 
ed steel cable. The pull exerted on tl 
cable rotates the pulley in one direction 
and a helical spring within the Selsy: 
transmitter unit rotates the pulley 
the opposite direction. The direct-driv« 
Selsyn transmitter and the transmitt« 
that is geared four-to-one are separaté 
ly connected to the two Selsyn indica 
tor mechanisms of a dual Selsyn indica 
tor. Thus, one pointer on the indicat 
makes four complete revolutions for on 
revolution of the other pointer, thereby 
providing four times the precision that 
would otherwise be obtained. 
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Fig. 7 


SPECIAL PILOT’s INSTRUMENTS 


In addition to the instruments which 
are photographed in the five photo-re- 
corders, specially-calibrated test instru- 
ments were installed in the pilot’s and 
co-pilot’s instrument panels to permit 
these persons to accurately read air- 
speed, altitude, acceleration, angle-of- 
attack, angle-of-yaw, engine exhaust 
temperatures, engine bearing tempera- 
tures, and Mach number. 


TEMPERATURE .RECORDER 


The recording pyrometer is installed 
in the nose section of the airplane, with 
the chart paper visible to an observer 
sitting in the bombardier’s seat, as 
shown in Fig. 7. The box containing the 
stepping switches and circuit selectors 
is mounted on the floor just to the right 
of the bombardier’s seat. 

The recorder is set up to record a 
total of 120 separate temperatures as 
picked up by iron-constantan thermo- 
couples and 20 separate temperatures 
as picked up by chromel-alumel thermo- 
couples. Automatic reference-junction 
compensation is provided in the poten- 
tiometer circuit, eliminating the need 
for reference ice bottles. Included in the 
list of temperatures measured by iron- 
constantan thermocouples are bear- 
ing temperatures, outside air tempera- 
ture, fuel temperature, compressor air 
temperatures, and the temperatures ex- 
isting at various points in the airplane 
structure in the vicinity of the engines. 
Temperatures measured by chromel- 
alumel thermocouples include tempera- 
tures at two different points in each of 
the four tailpipes and temperatures in 
each of the burners in the left-hand in- 
board engine. To facilitate engine re- 
moval, multiple-point thermocouple line 
disconnects are installed on each of the 
four engines, as shown in Fig. 8. 


STRUCTURAL INSTRUMENTATION 


A total of 158 separate strain-gage 
bridges are installed throughout the air- 
plane for measuring structural stresses 
and strains. Of this total, 81 are in the 
wings, 24 in the fuselage, 21 in the 
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horizontal stabilizer, 13 in the vertical 
stabilizer and 19 in the left engine 
nacelle, as illustrated in the accompany- 
ing diagram, Fig. 9. 

The Baldwin-Southwark Type SR-4 
strain gages used in this installation 
are wire grids that undergo a slight 
change in electrical resistance when 
stretched or compressed. When they 
are employed as arms of a Wheatstone 
bridge, the amount of unbalance of the 
bridge bears a definite relation to the 
amount of strain to which the gage is 
subjected. 

Separate multi-conductor cables run 
from each of the 158 strain-gage loca- 
tions to a terminal board located on the 
aft side of the rear bomb-bay bulkhead. 
At this point each of the cables is ter- 
minated in a four-conductor electrical 
disconnect (see. Fig. 10). Three 14- 
channel Consolidated Engineering Co. 
recording oscillographs and their asso- 
ciated bridge-balance units are installed 
in the rear fuselage section of the air- 
plane; these permit simultaneous re- 
cording of any thirty-six of the total of 
158 separate strain-gage bridges. The 
three bridge-balance units, each having 
twelve separate channels, are mounted 
on top of each other; and thirty-six 
separate cables from these units con- 
nect to the selected points on the strain- 
gage terminal board, as shown in Fig. 
11. No amplifiers are used in this strain 
recording system, as sufficient output is 
obtained from the strain gages to per- 
mit unamplified direct-current opera- 
tion of the recording galvanometers. 

Owing to the fact that separate 
isolated sources of electric power are 
required to operate the recording oscil- 
lographs and to provide the necessary 
voltage on the strain-gage bridges, it 
was necessary to install additional stor- 
age batteries in the airplane. These are 
located in the tail section of the fuselage 
just aft of the rear entrance hatch. Two 
24-volt batteries connected in parallel 
provide the voltage for the strain-gage 
bridges; and four 12-volt batteries con- 
nected in parallel operate the three 
recording oscillographs. 


Fig. 8 


INSTRUMENTATION CONTROLS 


Controls to operate the instrumenta- 
tion installed in this airplane are 
located in the cockpit of the airplane 

The pilot is provided with a master 
switch, individual switches for 
photo-recorder, a switch to start and 
stop the operation of the recording py- 
rometer, and a switch to start and stop 


eacn 


the operation of the three recording 
oscillographs. 
A switch is provided to enable the 


pilot to select either single-picture ex- 
posures in the photo-recorders or cyclic 
exposure at the rate of four pictures 
per recorder per second; and two mo- 
mentary-contact switches operate the 
cameras in the photo-recorders. One of 
these switches is mounted on the pilot’s 
control wheel and its operation causes 
the selected photo-recorder cameras to 
photograph the lighted instrument pan- 
els in the recorders. Operation of the 
second switch turns out the lights in all 
the recorders and also actuates the 
cameras; this produces an unexposed 
frame on the recorder film and is used 
to identify the beginning and end of 
separate test runs. 

Two controls are provided for the 
control-force measuring instrumenta- 
tion; one of these is a master switch 
and the other is a momentary-contact 
calibration switch. Operating this 
switch places an unbalancing resistor 
across one arm of each force-measuring 
bridge, and the electrical value of these 
resistors is such that they produce de- 
flections in the indicating microamme- 
ters which are identical with those 
which would be produced by known 
amounts of force on the control systems. 
Thus, it is possible to correct the re- 
corded data for any variation in battery 
voltage which might take place in the 
course of a flight. 


RECORDED DATA 


The films from the photo-recorders 
are processed as photographic nega- 
tives, and the negative pictures of the 
recorder panels are read one frame at 
a time in Recordak film readers. The 
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chart from the recording pyrometer is 
graduated in one hundred uniform di- 
visions, and separate calibration curves 
are provided to the personnel of the 
Data Reduction Section for determin- 
ing the temperatures recorded in both 
the high- and low-temperature ranges. 
The records from the recording oscillo- 
hs are processed photographically 
and the deflections of each of the traces 
on the oscillograph records are meas- 
yred with the aid of a special oscillo- 
ph record reader instrument which 
was developed for the purpose by North 


| American Aviation. 


In actual use, all the instrumenta- 


NORTH 
B-45 
Crew or number seats: Four 
Dimensions 
Span: 89 ft. 6 in. 
Leneth over-all: 74 ft. 
Height over-all: 25 ft. 
Wings 
Spar: Aluminum 
Ribs: Aluminum 
Covering: Aluminum 
Landing Gear 
Type: Hydraulically retractable 
Tread (in.): 267 
Wheel type and size—main gear 
64 X 19-30 in. high-pressure tire 
Brake: Bendix Rotor-disk hydraulic 
Loading gear shock unit: Bendix 
7332 air-oil 
Nose gear: Hydraulically retractable 


64 in 


RxB, 


AMERICAN 
AIR FORCE JET BOMBER 


AVIATION, INC 

Power Plant 

Make of engine (4) General Electr \l 
lison J-47 (TG-190) 

Static thrust: 20,000 Ibs. ( 
engine) 

At altitude, ft 


5000 lbs. each 


Sea level 
Performance 
In 550 m.p.h, class 
Tactical radius more than 


High speed 
Normal range 
800 miles 

Service ceiling: Over 40,000 ft 
Weights 
Gross weight: 82,600 lbs 
Wing loading: 70.3 
Bomb load: Over 10 tons 
Production: One hundred and thirty-nine 
3-45’s have been delivered or are on or- 
der for the Air Force. 








tion in the airplane is seldom operated 
at any one time. However, the actual 
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or quantity of recorded data which all the 
ag : instrumentation operating simultane- 
se : ously is capable of turning out is rather 
e- ; amazing. With all five photo-recorders 
e- : operating at a cyclic rate of four pic- 
se tures per second, the three oscillographs 
mM each operating at a paper speed of 





eight linear inches per second, and the 















Ss. 
e- recording pyrometer printing one tem- 
"y perature every 1.63 seconds, just one 
- minute of continuous operation pro- 

vides thirty-seven separate temperature 

recordings, one thousand four hundred 

and forty linear inches of oscillograph 
8 records, and twelve hundred separate 
a photographic pictures of instruments 
e which show a total of twenty-eight 
it thousand eight hundred individual in- 
e strument readings. 






April 1949—Instruments—Page 317 








A Primary High-frequency Voltage Standar 


By MYRON C. SELBY, Central Radio Propagation Laboratory, 
National Bureau of Standards, Washington, D. C. 


ECOGNIZING the importance of 
R high-frequency standard voltage 

in the calibration and adjustment 
of many types of instruments, the Na- 
tional Bureau of Standards is develop- 
ing primary standards of voltage for 
radio frequencies up to several hundred 
megacycles. This work is being carried 
on in the Bureau’s Central Radio Pro- 
pagation Laboratory as part of a broad 
program to develop national standards 
for electrical magnitudes at all radio 
frequencies, 

Precision voltage standards are ur- 
gently needed by communications serv- 
ices and research groups in the adjust- 
ment of many laboratory and field in- 
struments operating at high frequen- 
cies. The calibration of signal gener- 
ators, field-intensity meters, radio re- 
ceivers, and vacuum-tube voltmeters 
depends on the accuracy of available 
reference standards. 

A practical high-frequency voltage 
standard must combine reliability with 
maximum precision and should ap- 
proach as closely as possible the ac- 
curacy of the direct-current voltage 
standard—the standard cell. With this 
in mind, the Bureau has concentrated 
on methods of measuring single-fre- 
quency voltages directly in terms of a 
standard d-c. cell. Specific techniques 


















Fig. 1. The new primary radio-frequency volt- 
age standard developed by the NBS makes avail- 
able high-precision voltages without any fre- 
quency corrections. It consists of a voltage-meas- 
uring thermistor bridge, a special thermistor 
mount, instantaneous and simultaneous r-f./d-c. 
switching arrangement, a d-c. voltage source sta- 
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have been chosen for best time-efficiency 
and accuracy over the widest range of 
voltage and frequency, without using 
frequency corrections. Reliability has 
been achieved by cross-checking the re- 
sults of several independent methods 
based on different principles. Reproduc- 
ibility of results and agreement between 
individual primary-standard methods 
is required within plus-or-minus one 
percent, since measurements to that ac- 
curacy are considered to be of good 
precision in the h-f. region. 

One of the techniques developed by 
the Bureau which satisfactorily meets 
the basic requirements for a primary 
standard is the voltage-measuring bolo- 
meter bridge (a modification of the bet- 
ter known radio-frequency power-meas- 
uring bridge), utilizing the dependence 
of bolometer resistance on power dissi- 
pation. In this method, a d-c. bridge 
with a bolometer in one of its legs is 
first balanced on direct current. R-f 
power is then substituted for some of 
the d-c. power and the bridge is re- 
balanced. The amount of r-f. power 
equals the difference in d-c. power re- 
quired for balance in each case. 

In the application of the bolometer 
to h-f. voltage measurements, the re- 
active component of the bolometer im- 
pedance must be known, although it 


bility of the order of 1 part in ten million per 
minute, and d-c. measuring circuitry with a sen- 
sitivity of 1 part in ten million (measurement ac- 
curacy of 1 part in 100,000 to 1 percent). The 
equipment is shown in an experimental arrange- 
ment, with the thermistor mount and coaxial 
switch at left. 


has no bearing on the accurac 

power measurements. For that 
in h-f. voltage measurements t 
meter impedance configuration 
accurately known, and the d-c. 
across the bolometer should equ | ¢; 
rms. value throughout the requir: ¢ 
quency range. This condition 

met only if the bolometer adm 
consists effectively of pure conducta; 
shunted by an incidental reasona}), 
value of positive or negative suscey; 
ance. 

Several major developments mac 
possible the application of the }, 
meter bridge to h-f. voltage meas 
ments. A type of bolometer remarkah 
suited to the job was fortunately a\ 
able in the form of microscopically-sma 
thermistors (0.015 inch diameter). Th, 
careful design of a special mount for » 
two-thermistor arrangement eliminate 
frequency corrections. This type 
mount reduced the temperature-time lay 
of the thermistors and consequently 
duced the time required to obtai: 
bridge balance. Special switching, short 
ing, and interlocking circuitry was d 
veloped to replace r-f. power by d 
power instantaneously. This arrang 
ment provides for extremely close and 
frequent checking of bridge balance 
with and without r-f., largely eliminat 
ing interference from incidental drifts 
of ambient temperature and d-c. voltag 
sources. In addition, this circuit a) 
rangement allows maximum precisio! 
in the measurement of extremely sma 
increments of large d-c. voltage values 

The thermistor bridge has been used 
so far in the voltage range from 20 mi 
livolts to 1.5 volts at all frequencies 
from audio to 800 megacycles. The to; 
frequency limit may be considerably 
higher, but this limit will not be estab 
lished until other independent methods 


shown if : 


Two thermistor beads, 
15-to-1 magnification. [he maximum diameter 0! 
the smaller bead is about fifteen thousandths 0°! 
an inch. Its wire leads are one-thousandth of a0 
inch in diameter: they appear as white lines above 
their gray-line shadows. 


Fig. 2. 
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| are available at the higher frequencies. 


In the region from 200 Me. to 800 Mc., 
the thermistor bridge was checked 
against power measurements based on 
the voltage distribution along a slotted 
transmission line. The accuracy of the 
data in this frequency range is limited 
hy the inadequate precision (about 
plus-or-minus 5 percent) of the slotted 
transmission lines available at present. 
Up to 200 Mc., several independent 
methods—cathode-ray oscilloscopes, 
thermoelements, and electrostatic volt- 
meters—agreed to within 1 percent. 
The higher voltage range was extended 
to 10 volts in the frequency range up 
to about 50 Mc. by using thermistor 
beads of a considerably larger diameter. 

Extending the lower limit of standard 
voltage to the millivolt range makes 
possible more accurate voltage deter- 
minations with the help of standard 
attenuators in the critical microvolt re- 
gion. Because of imperfections in at- 
tenuators for VHF and UHF applica- 
tions, @ More accurate microvolt may be 
realized by using a standard millivolt 
and a 60-decibel attenuator rather than 


a standard volt and a 120-decibel at- 
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Fig. 3. A two-thermistor mount developed at 


the NBS is shown. with a terminal plate at the 
top left corner and an extra core for large ther- 


mistor beads at the top right corner. (A diagram- 


matic view of a greatly-enlarged section in the 
immediate neighborhood of a thermistor appears 


at the bottom right corner.) The thermistors are 
placed in the barely-visible gap on the outside of 
the center disk. 
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Fig. 4. Detailed schematic diagram of the new primary high-fre- 


quency voltage standard. 


tenuator. For that reason, the Bureau 
is attempting to obtain as low a stand- 
ard voltage as possible. The attenuation 
of standard attenuators may be meas- 
ured directly in terms of voltage ra- 
tios, a very useful technique in cases 
where attenuator input power must be 
kept low. 

Individual factors limiting voltage 
securacy have been analyzed and cor- 
related with voltage range. These in- 


INTERLOCKED R-F 
AND D0—C SWITCH 


clude effective thermistor sensitivity, 
bridge sensitivity, stability of the d-c. 
voltage supply, irreducible voltage 
drops in the circuit, thermal voltages, 
and ambient temperature variations, as 
well as limitations in measuring d-c. 
voltages and the resistance of bridge 
elements. 

The low voltage limit measurable 
with a total accumulated error of 1 
percent has been evaluated by assum- 
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ing a possible 0.1 percent contribution 
from individual factors; the computed 
low voltage limit agrees closely with 
the experimental value, Mounting a 
large number of thermistors in a series 
parallel circuit promises to reduce this 
low limit still further. Connecting the 
thermistors in parallel for r-f. and in 
series for d-c. balancing produces low 
over-all r-f. resistance and voltage with- 
out sacrificing d-c. precision. 
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(Left) Front view of micro gas analysis unit. (Right) Analytical section and r-f bombarder. 


Micro Analysis of Gases Evolved Jrom Metals 


By GERALD W. KEILHOLTZ and MARTHA J. BERGIN, Sylvania Electric Products Inc., Salem, Mass. 


N the electronic tube industry, vac- 
] uum plays a major role. To assure 

constancy of the vacuum throughout 
the life of the numerous tubes, lamps, 
etc., all metals used therein must be in- 
vestigated as to their performance un- 
der operating conditions—especially the 
rates and amounts of gases evolved 
from these metals — which is of the 
greatest importance. 

In studying methods by which tube 
performance could be improved, a gas 
analysis unit was designed to explore 
this characteristic so that metals may 
be evaluated without the necessity of 
testing by actual operation in the tubes. 
In this article the degassing of a series 
of commonly-used metals will be the 
principal application considered. These 
metals include nickel, carbonized nickel, 
nickel-plated steel, oxidized nickel- 
plated steel, steel, blackened steel, and 
aluminum-clad steel. The effect of the 
type of processing on the amount and 
kind of gas evolved upon heating of 
each metal are discussed herein. 

The gas analysis unit developed for 
this study features durability and ver- 
satility. It comprises two distinct parts 
—a Static System, Part I, and an An- 
alytical System, Part IT. 

Part I consists of r-f. bombarder 
coils and sample, diffusion pump, Toep- 
ler pump, McLeod gage, and cold traps. 
An expansion reservoir is available 
when the sample proves too large for 
the McLeod gage measurement. This 
section is used mainly for pressure and 
volume measurements but low-tempera- 
ture distillation can be made using liq- 
uid nitrogen. A diffusion pump in series 
with a Toepler pump is used for trans- 
ferring the gases into the bulb of a 
McLeod gage. This principle permits 
handling extremely small samples. 

Part II analyzes a fraction of the 
sample from Part I. The most conven- 
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ient sample for quantitative analysis is 
found to be 0.05 to 0.1 cc. The analytical 
section consists of a diffusion pump for 
circulating the gases over the chemical 
reagents, and a Toepler pump which 
forces the sample into a small McLeod 
gage (see Fig. 2). The chemical rea- 
gents are arranged in a ladder type for- 
mation so that a particular chemical 
absorbent is readily available for spe- 
cific gas removal. Ascarite is used for 
COz2 absorption. Copper oxide and cop- 
per furnaces are available for He and 
Oe determinations and a lithium fur- 
nace for Ne analyses. The apparatus 
has been constructed for the analysis of 
gas samples ranging from 2.0 cc. down 
to 0.01 ec. Volume measurements are 
consistently checked in the order of 
0.0001 cc. Analyses may be made with 
errors for each component within 1 per- 
cent of the total sample. 


APPARATUS 

The schematic diagram, Fig. 1, in- 
dicates position of various pumps, etc. 
The Pyrex glass apparatus is mounted 
on a steel frame 71 in. high, 52 in. wide 
and 36 in. deep. The Toepler pumps and 
MacLeod gages are operated by a pres- 
sure-vacuum manifold connected to the 
mercury reservoirs. The manifold pres- 
sure is maintained at 8 psig and con- 
trolled by the needle valve on a nitrogen 
cylinder, Two single-stage mercury dif- 
fusion pumps, assisted by Toepler 
pumps, transfer the gas about the sys- 
tem. They may be operated with a third 
mercury pump and a mechanical pump 
(Kinney CVD5556) when rapid evacua- 
tion of the system is desired. 

The capillary tubing in the McLeod 
gages may be by-passed when moving 
the sample or evacuating the system 
(see Fig. 2). This arrangement greatly 
increases the speed of analysis as evac- 
uation through a capillary is very slow 





and inefficient. In normal use of the 
Toepler pump - McLeod gage arrange- 
ment, the sample enters at A and js 
forced into the Toepler bulb B by a 
mercury diffusion pump. The mercury 
level is at C in order to capture the 
sample. About 15 cycles of the Toeple: 
pump are necessary to compress the 
sample into a small McLeod gage D 
The sample is then measured in the 
gage at a constant volume and th: 
change in pressure is recorded in the 
long matched capillary. The McLeod 
gages are constructed with precision- 
bore capillary tubing. If the sample i: 
to be circulated or the system evacu- 
ated, the mercury levels are lowered to 
the reservoirs G and H and the gases 
from A and C travel directly 
through the absorption train at F. Res 
ervoir G has a safety advantage ove: 
reservoir H. The long column prevents 
a pressure blow-out if any sudden 
changes of vacuum or pressure occu! 
The momentum of mercury in motion 
deserves this precaution. 

The absorption train contains a stand- 
ard group of dry chemical reagents. 
Ascarite, copper oxide furnace, copper 
furnace, platinum coil and lithium fur- 
nace. Each furnace is operated with 
Variac control for temperature settings. 
The copper oxide and copper furnaces 
are maintained at 350 C. The ladder 
type arrangement of reagents _illus- 
trated in Fig. 1 gives versatility 
choice of absorbents for a complex 
sample. 

General Procedure of Analysis 

Before any analysis, the system and 
the reagents are thoroughly outgassed 
and tested to hold below 1 micron with- 
out pumping for more than five minutes. 

The sample is liberated by induction 
heating if metallic, or by a magnetic 
hammer if contained in glass bulbs. The 
gas is passed through a series of three 
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dry ice-acetone cold traps to remove 
any water vapor before being collected 
in the McLeod gage and measured as 
total pressure. The system has beeff 
calibrated to convert pressure into vol- 
yme at standard conditions. A cali- 
prated expansion reservoir is used if 
any sample proves large for the McLeod 
measurements. 

A fraction of the gas sample, 0.05 to 
0.1 ce., is then transferred to the ana- 
lytical system and collected in the small 
McLeod gage. The total analytical sam- 
ple is recorded as pressure at a con- 
stant volume. The gas is circulated over 
Ascarite and through a dry ice-acetone 
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cold trap for several minutes. The 
Toepler pump is then used to return 
the sample to the small McLeod gage. 
The change in pressure at constant vol- 
ume is proportional to the carbon di- 
oxide removed during the cycling and 
is calculated in percent COc. 

The sample is then passed over cop- 
per oxide and through cold trap for the 
hydrogen determination and again over 
Ascarite for the CO determination as 
carbon dioxide. The presure is measured 
after each step. Nitrogen is usually de- 
termined as residual gas but a lithium 
furnace has been installed for argon- 
nitrogen mixtures. 


PREPARATION OF SAMPLES 


The sample metals were made into 
radio anodes by regular production 
methods. The anodes are hollow cylin- 
ders 20 mm. diameter by 24 mm. high 
and weigh approximately 1.5 grams. 
All samples were mounted in a regular 
lock-in type radio tube. The exhaust 
tube of each sample was sealed directly 
on the microgas analysis unit. 

Two identical sets of materials have 
been degassed and analyzed. They rep- 
resent materials as received and ma- 
terials which have been heated in a 
reducing atmosphere for the normal 
clean-up process. 


EXPERIMENTAL 


An all-glass seal was made to the 
microgas equipment and the glass en- 
velope containing the sample was 
baked for 15 minutes at 350 C. A con- 
tinuous vacuum maintained with mer- 
cury diffusion and mechanical pumps 
removed any gases or water vapor given 
off by the glass. 





Part A — After baking, the oven 
was removed and the sample heated by 
induction for 2 minutes at 970 C, A 
high-frequency water-cooled coil with a 
10-kw. r-f. “bombarder” was used in 
heating the samples. Temperatures of 
metals during bombardment were meas- 
ured with a Leeds & Northrup disap- 
pearing-filament type optical pyrom- 
eter. The gas was collected continuous- 
ly, as evolved, by a mercury diffusion 
pump in series with a Toepler pump. 
The pressure was measured with a 
McLeod gage and the quantity of gas 
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calculated f-om the known volume of 
the system. 

In all measurements the has 
been continuously pumped away from 
the chamber containing the metal sam- 
ple in order to avoid any recombination 
of the gases and the metal. 

After measurement of the total gas 
volume, an appropriate fraction (0.05 
to 0.1 cc., was transferred to the Ana- 
lytical System. The sample was then 
analyzed for percent of each component 
by the, regular procedures, that is, car- 
bon dioxide absorption by ascarite, hy- 
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drogen by copper oxide furnace and 
cold traps, carbon monoxide by copper 
oxide in series with ascarite, oxygen by 
copper furnace and nitrogen by dif- 
ference. 

Part B—The gas generated in Part 
A was removed and the system pumped 
below 0.5 micron. The metal was again 
bombarded at a red heat (650C.) for 
30 minutes. The rate of gas evolution 
was recorded by periodic readings on a 
Tru-Vac gage. The total gas evolved 
during the 30-minute period was then 
calculated from the McLeod gage meas- 
urement. Part B was intended to rep- 
present an accelerated life test with the 
metal anode in operation. 

Part C — The system was again 
pumped below 0.5 micron and the meta! 
sample bombarded for 2 minutes at 
970 C. as in Part A. The gas evolved was 
determined with the McLeod gage. 

The data for all samples are sum- 
marized in Tables I, II and III.* 

*Omitted by reason of length and because 
outstanding data are stated in text; avail 
able in photostat form from the authors, 60 
Boston St., Salem, Mass. 

Continued on Page 260 


April 1949—I nstruments—Page 321 











A New Electric Level or Inclinometer yy} 
Unique Directional Characteristics 


By CLARKE C. 


A DEVICE for indicating electri- 
cally small displacements from the 
vertical was described in Instruments, 
May 1947, page 394.* The device, cal- 
led “Position Convectron,” depends for 
its operation on differences in the heat- 
ing effect of convection currents on two 
similar temperature-sensitive elements 
in opposite arms of a Wheatstone 
bridge. A heater coil in the vertical por- 
tion of a Y-shaped tube filled with argon 
produces convection currents which 
flow up the two branches of the Y. At 
the tip of each branch of the Y is a 
temperature-sensitive resistor connected 
with other resistors to form a Wheat- 
stone bridge. When the Y is vertical 
the convection currents heat the two 
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MINTER, Naval Research Laboratory, Washington, D. C. 


planned as part of the research pro- 
gram) is of sufficient value to be an- 
nounced. 

The “Electric Level” described below 
operates on the same general principle 
as the “Convectron” referred to above; 
namely, by differences in the relative 
heating effects of gasecus convection 
currents on temperature-responsive ele- 
ments in a Wheatstone bridge. There 
are differences in design, however, 
which appear to give the Electric Level 
certain advantages. 

The Electric Level is shown schema- 
tically in Fig. 1. 

The current-heated temperature-re- 
sponsive elements are carefully matched 
and positioned at right angles to one 
another in two similar sealed cells, 
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element is vertical and the oth. 
zontal. 

In the Electric Level there jis 
ternal heater-coil for the product 
convection currents but each te 


ature-sensitive element acts as its ow, 


heater. This design makes it po 
to place each temperature-respo) sj 
element in a sealed individual cel] hay 
ing no communication with any othe; 
It therefore is not possible for gas { 
“slip” from one arm to another a 
the “Convectron.” 

By combining the functions of heate, 
and temperature-responsive element 
the same resistor, it is possible to ol 
tain extremely rapid response to th 
slightest change in position. No time is 
lost in readjusting the equilibrium be- 


tween two convection currents as the 


position changes from the vertical. In 
the Electric Level the convection cu: 
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Fig. 1. Schematic diagram of the Electric Level. 


sensitive elements to the same extent 
and the bridge is balanced. A slight 
shift from the vertical produces un- 
equal heating of the two sensitive ele- 
ments and the bridge becomes un- 
balanced, thereby giving a quantitative 
indication of the angular displacement 
from the vertical. 

During an investigation of the effect 
of filament position relative to the ver- 
tical on the accuracy of thermal-con- 
ductivity gas-analysis apparatus, it was 
observed that in certain designs gas 
convection currents over the filaments 
became relatively quite appreciable. In- 
stead of trying to suppress the convec- 
tion currents entirely, a way was found 
to control them so that the effects due 
to convection could either be eliminated 
entirely or employed to indicate slight 
displacements of the filaments around 
a given axis. It is felt that this inci- 
dental development (though it was not 


*Made by Eclipse-Pioneer Division, Ben- 
dix Aviation Corp.. Teterboro, N. J. 
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about 0.75 inch in diameter, cut into 
a metal block. The cells are filled with a 
heavy gas such as argon. Two matched 
manganin coils complete the bridge. A 
constant current is supplied by a bat- 
tery and a ballast lamp and an indi- 
cator calibrated in degrees* shows to 
what extent the metal block is displaced 
from the vertical around the axis A. 
Any rotation around the axis B-B has 
absolutely no effect on bridge balance, 
and the indication gives only the rota- 
tion around the axis A. The bridge is 
balanced when the sensitive elements 
make an angle of 45 degrees with the 
vertical, and the maximum indication 
in either direction is obtained when one 





*Epitor’s Note.—In Fig. 1 the author 
shows a quadrant scale, presumably for 
applications requiring a “true picture” of 
angularity, as in some gyroscopic flight- 
attitude instruments (artificial horizon, 
etc.), but for applications requiring greater 
sensitivity a calibration in minutes could 
be obtained by selecting a zero-center elec- 
trical instrument of the desired full-scale 
sensitivity.—MFB. 


45° 





BRIDGE OUTPUT — 
Fig. 2. Type of output curve obtained 


rents in equilibrium with a current | 


heated temperature-sensitive element 
depend on the angle the element makes 
with the vertical and, as soon as the 
angle is varied to the slightest extent, 
there is an immediate change in the 
convection currents on the heated ele- 
ment itself, and an almost instantane- 
ous change in bridge balance is ob- 
tained. Equilibrium is reached much 
more quickly with the Electric Level 
than would be the case with the “Con- 
vectron.” 

Fig. 2 shows how the output from 
the bridge varies with rotation about 
the sensitive axis. As can be seen, 
the Electric Level is most sensitive t 
change when the bridge is perfectly bal- 
anced; that is, when both filaments are 
45 degrees to the vertical, as in Fig. |. 

The Electric Level has certain ad- 
vantages over the gyroscope and should 
find several applications in aircraft and 
rockets—not only as an indicator but 
also in automatic-control apparatus. 
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A New Magnetic Method /or Measuring the Thickness 
of Composite Copper-nickel Coatings 


By ABNER BRENNER and EUGENIA KELLOGG, National Bureau of Standards, Washington, D. C. 


CONVENIENT non - destructive 
A magnetic method for determining 

the thickness of composite copper- 
nickel coatings electro-deposited on 
steel has been developed at the Nation- 
al Bureau of Standards. 

The method involves the measure- 
ment of the attractive force between 
the plated specimen and two permanent 
magnets of different strengths. The 
values thus obtained are used, in con- 
junction with a set of previously- 
determined calibration curves for each 
magnet, to obtain the total thickness of 
the coating and the relative thicknesses 
of the copper and nickel layers. 

Composite coatings, in which nickel 
is deposited over a layer of copper, are 
used extensively in the automotive and 
other industries for the economical] pro- 
tection of steel against corrosion. Since 
their protective value depends largely 






on their thickness, it is important to 
have a convenient means for measuring 
thickness. 

In the usual procedure, the plated 
article must be destroyed to provide a 
cross section for microscopic examina- 
tion. The new magnetic method is non- 
destructive and is easily and rapidly 
applied. It utilizes the principle of the 
Magne-gage, an instrument originally 
designed at the Bureau to measure the 
thickness of single electrodeposited 
coatings on the basis of the attraction 
between a small permanent magnet and 
the plated sample. The Magne-gage is 
essentially a spring balance, on the arm 
of which a magnet is suspended in con- 
tact with the coated surface. A helical 
spring is so attached that, when wound 
by means of a knob, it exerts a force 
tending to detach the magnet from the 
surface. If, as is ordinarily the case, 











/ 
a / 
30 C, 
/ 
; / 
O95 / 
2 / 
5 ss 
Zz — 
=20 / 
” y, 
” aor" ++ 4 
Ww y 
2 (5 WA 
¥ 7 
} 7 
= 
OF 
an 
dq 
© 
- Se 
|B 
| | | | {Oo , 55 7 100, 50 | | | | = 
iO 20, 630 -40~S50 60 ~670:«80 690 ~«(100 ‘HO 120 130 140 150 


DIAL READING 


Diagram illustrating graphical method 
developed at the NBS for use with the 
Magne-gage in determining thickness of 
composite copper-nickel coatings. Two 
previously-prepared sets of calibration 
curves—one set for each of two magnets 
of different strengths in the Magne-gage 
—are used. After readings have been 
taken with each magnet on the composite 
coating under study, one set of calibra- 
tion curves is superposed on the other, as 
in the figure. This is done by sliding the 
horizontal scales of the two graphs along 
each other until the two separate dial 
readings for each magnet are brought 
into coincidence at B. In each case the 
curves labeled N, C-N, and C are for 
compositions of 100% nickel, 50% cop- 
per, and 100% copper, respectively. How- 
ever, those for the weaker magnet have 


much greater slopes. A straight line 
(XYZ) is drawn joining points of inter 
section of curves of the same percentage 
composition for the two different mag- 
nets. If a second line AB is now drawn 
through B perpendicular to the horizontal 
scales, it will intersect the line XZ in a 
point Q. The ordinate of Q, read from 
the vertical scale common to both graphs, 
is then the thickness of the total coating 
(here 0.00173”). The relative thicknesses 
of the copper and nickel layers are also 
obtained by graphical interpolation along 
the line joining the intersection points of 
curves of equal composition. In this case, 
for example, since Q lies along XZ about 
40% of the distance from the half-copper 
curve to the nickel curve, the copper con-, 
tent of the coating is (40/100) X 50 
=20%. 


the coating is less magnetic than the 
object plated, the required force, as in 
dicated on a dial adjacent to the knob, 
will be greater for thinner coatings. 
For measurement of composite coat 
ings, the Magne-gage is modified by 
the use of two magnets of different 
strengths. Calibration curves for each 
magnet — total thickness versus dial 
readings—are plotted on transparent 
material for coatings of successively 
varying known proportions of coppe: 
and nickel. After readings are taken 
with each magnet on the composite 
coating under study, one set of calibra 
tion curves is superposed on the othe: 
in such a way that the values of the 





Thickness of composite copper-nickel 
coatings electrodeposited on steel is now 
determined at the NBS through use of the 
Magne-gage, an instrument previously de- 
veloped at the Bureau, which indicates 
the force exerted by a coiled spring in de 
taching a small permanent magnet from 
the plated sample. For measurement of 
composite coatings the instrument is 
modified to include two magnets of differ- 
ent strengths. 


two separate dial readings on the hori- 
zontal scale for each magnet are brought 
into coincidence. A straight line is 
drawn joining points of intersection of 
curves of the same percentage composi- 
tion. If a second line is then drawn, 
perpendicular to the horizontal scales of 
the graphs, through the point repre 
senting the dial readings, it will inter- 
sect the first line in a pojnt correspond- 
ing to the thickness of the total coating. 
The relative thicknesses of the copper 
and nickel layers are also obtained by 
graphical interpolation along the line 
joining the intersection points of the 
curves of equal composition. 

In this way, total thicknesses of com- 
posite coatings ranging from 0.0005” to 
0.003” can be determined within about 
10%. The thickness of each component 
layer of similar coatings can be meas- 
ured to an accuracy of about 15%. 
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“HEAT INERTIA’ in 


CONTROL of TEMPERATURE 


By VICTOR BROIDA, Consulting Engineer, Paris, France. 


PART III 
ACTUAL CONTROLLERS 


We have up to now studied theoretically the influence of what we 
termed the ‘‘fictitious mass’’ of a heating unit on the different 
factors involved, in the case of heating units not provided with 
automatic temperature controllers as well as in the case of heating 
units subjected to discontinuous or continuous automatic control. 
We have reviewed the various automatic temperature control 
systems and we drew conclusions regarding the part borne by the 
fictitious mass of the heating unit in every particular case of each 
of these systems. 

We-shall now complete this essay by a series of examples of 
practical realizations embodying the conceptions which up to now 
we have studied theoretically. We shall therefore describe a series 
of automatic temperature controllers corresponding each to one of 
the automatic-control systems which we have already studied 
theoretically; and we shall outline in every particular case the 
similitude which exists between the theoretical conclusions drawn 
from the mathematical study of these systems and the practical 
conclusions which we shal! have to make from the investigation of 
the corresponding instruments. 

We shall not consider the principle of temperature measurements 
involved in the described automatic controllers, i.e., we shall not 
consider whether the case under review is that of vapor-tension, 
gas-filled or mercury thermometers, etc., as this is of no importance 
from the standpoint of the operation of the control system itself. 

We shall consider the example of a series of air-operated temper- 
ature controllers manufactured by an American firm, these instru- 
ments being a large series of more and more complete controllers, 
each automatic-control system being obtained from the preceding 
one by adding complementary parts. It should be understood that 
our choice of this American series is determined by the particularly 
clear way in which the various controllers described illustrate our 
preceding theoretical demonstrations: there are, of course, other 
types of pneumatic controllers just as there are various types of 
hydraulic, electrical, mechanical and electronic systems for the 
automatic control of temperature. The choice of power for operat- 
ing the final element has no more importance to us than the choice 
of the primary element, as our classification is based on the general 
law which applies to the automatic temperature control systems. 

Finally, we shall assume, in all the considered examples, that the 
automatic temperature controller will command—through an 
appropriate air-piping—a diaphragm-motor valve which alters in a 
convenient way the flow of a heating medium circulating in the 
controlled heating unit. This heating unit will therefore be a 
heater of any kind. But we could just as well consider, instead of a 
diaphragm valve, one or several motors commanded by the auto- 
matic temperature controller and controlling in turn the input of 
fuel, the input of combustion air, the opening of draft dampers, 

etc., and the heating unit would then be a boiler or a furnace for 
any industrial or domestic purpose. 


DISCONTINUOUS-ACTION CONTROLLERS 


We shall begin with the study of the simplest controllers: those 
having a discontinuous action. 

These controllers have a total action which consists in opening 
entirely the controlled valve when the temperature inside the 
heating unit decreases beneath the lower limit of control 43; or in 
closing this valve either entirely (in the case of On-off Control) or 
to a certain extent (in the case of High-low Control) when this 
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temperature rises beyond the higher limit of control 4,. 
difference between On-off Control and High-low Control «: 
merely in the existence of a given flow of heating medium wh, 
controlled valve is closed under the latter, and in the non-exi: " 
of this minimum heat input to the heating unit under the fore, 
the same temperature controller can therefore be used for On-of 
Control as well as for High-low Control and it is sufficient jn this 
latter case to provide the valve commanded by this controller with 
an adjustable by-pass. 

Therefore, the main feature characterizing this system is the 
immediate and sudden movement of the controlled valve or moto; 
from one extreme position to the other for a given variation of the 
temperature in the heating unit, this variation being equal to the 
neutral zone or “dead zone”’ or “‘differential"’ existing between the 
two limit temperatures of control. 

Before describing this type of controller, it will be necessary to 
make a remark of the utmost importance. 

We assumed, when we traced, in solid line in Fig. 3, the 
diagram of temperature variations inside the heating unit (the 
case of discontinuous automatic control) that the minimum heat 
input to the heating unit was automatically replaced by the 
maximum input as soon as the decreasing temperature inside this 
heating unit reached the lower limit of control 62; this resulted in 
a new increase of this temperature above 62 and, in this way, the 
temperature in the heating unit never decreased beneath the lower 
limit of control 62. 

In a similar way, we assumed that, as soon as the increasing 
temperature in the heating unit reached the higher limit of control 
6;, the maximum heat input to this heating unit was automatically 
replaced by the minimum input, which resulted in a new decrease 
of this temperature; thus, the temperature in the heating unit 
never increased ‘above the higher limit of control 4. 

These theoretical assumptions were based on an instantaneous 
or nearly instantaneous action of both the automatic temperature 
controller itself and of the valve or motor under control when the 
corresponding limit of control is reached. 

This is true of the controller itself and almost true of some 
quick-acting valves or motors, for instance those which are elec- 
trically-operated; it can be quite different in the case of air-operated 
or of hydraulically-operated valves or motors. This is the reason 
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for our choice of one of these examples; and the assumption on 
which the diagram in Fig. 3 is based is no more true. 

Indeed, in the case of these air-operated or hydraulically- 
operated control systems, any change in the position of the con- 
trolled valve requires a flow—in one direction or in another—of 
the medium whose pressure acts on its diaphragm; this flow is not 
instantaneous and the operation of the controlled valve is different 
in this case from that of quick-acting electrically-operated or 
mechanically-operated valves. 

We can therefore say that the true graph of temperatures inside 
4 heating unit provided with an air-operated or hydraulically- 
operated discontinuous automatic-control system never corresponds 
exactly to the theoretical solid-line tracing in Fig. 3 and that these 
temperatures extend beyond the limits of control @; and 62 at which 
the controller action is started in one direction or in another. 
However, if the time required by the controlled valve to open or 
to close is very short, the extent to which the limits 4; and 62 are 
over-run is also very small and we may accept the theoretical 
tracing in Fig. 3 as a sufficiently accurate diagram. 

We shall see now what would happen in reality if 
required by the controlled valve to open or to close could not be 
neglected; for instance, when the decreasing temperature inside the 
heating unit would reach the lower limit of control 62, the controller 
would start to open the controlled valve, which would thus move— 
at a given speed—from its minimum position to its maximum 
position instead of doing so instantaneously. 

The position of the controlled valve would, therefore, become at 
this moment, a direct function of the time elapsed from the start 
of the controller action and the whole system would thus no more 
operate under discontinuous control—the characteristic feature of 
which is the sudden movement of the controlled valve from one of 
its extreme positions to the other—but under floating control, the 
characteristic feature of which is the contimuous variation of the 
heat input to the heating unit in function of the time elapsed alone. 
The temperature inside the heating unit would therefore decrease 
below the lower limit of control 62 (see Fig. 6), would be balanced 


the time 


Fig. 6 
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0 T i 
at a temperature 0;<62: and would then increase up to 42 and 
further on until the moment when a new start of the controller 
action at the higher limit temperature 6; would again close the 
controlled valve. 

This closing of the controlled valve would require, just as its 
opening, some time during which the whole system would again 
operate under floating control instead of discontinuous control; the 
temperature inside the heating unit would thus over-run the 
higher limit of control 6;, would be stabilized at a temperature 
9,>6;, would again decrease down to 6;, and so on. 

This temperature would therefore cycle between real limits 6, and 
9, wider than the limits of control 6, and 62; and the system com- 
prising the automatic temperature controller and the valve com- 
manded by the latter would operate under discontinuous control 
‘or temperatures inside the heating unit within the limits of control 
9, and 6, and under floating continuous control for temperatures 
vetween #2, and @; on one hand, @; and 6, on the other hand. 

We can see (solid line in Fig. 6) that the period T’ of a complete 
yele of temperature variations inside the heating unit with this 
lelayed operation of the controlled valve, is greater than the period 
’ of the same cycle with an immediate opening of this valve, i.e., 
he'dotted-line theoretical tracing of the curve @(t). 





‘ discussions of principles apply equally well to the products of numerous American 









































already seen when we studied the features of continuous 


We have 


automatic control (and, in particular, those of floating or position- 


that temperature intervals 
the 
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ing plus floating continuous control) 


such as 69-63 or 64-0; Fig. 6 decrease with the increase of 
fictitious mass m and with the increase of the coefficient K, 
in this case is proportional to the rate of opening or of closing of 
the controlled valve. These intervals are therefore smaller in heat- 
ing units having a comparatively high fictitious mass and, on the 
other hand, they are decreased by the speed of opening or of closing 
of the controlled valve and cut down to 0 when K,= &, i.e., when 
this valve opens and closes instantaneously. 

Therefore, the slowed-down opening or closing of the controlled 
valve, although it has a positive influence on the frequency of 
the 


has a negative influence on the amplitude of these 


temperature variations inside heating unit (decreasing this 

frequency), 

variations (increasing this amplitude). 
We can thus conclude that it is useful 


if we want to obtain 


conditions as close as possible to those of a perfect discontinuous 
the 
This is even more important when the fictitious 
ot 


discontinuous 


control—to minimize the time required for closing or opening 
controlled valve. 
limits the extent intervals—is low 
speaking, the 


used with heating units having a 


mass—which temperature 
control 


heat 


and, generally automatic 


should not be too low 


inertia. 
This being stated, let us look into the general principle of an 


air-operated discontinuous automatic temperature controller.* 


SIMPLE ‘‘ON-OFF’’ TYPE 


The ‘‘On-oft”’ Control device in its simplest form 
would comprise (see Fig, 7) a pen or an index A (of the thermometer) 


ir-nozzle D 


or “High-low”’ 


actuating a flapper B pressed by a spring C against ana 
connected to the same supply of compressed air as the diaphragm E 
of the controlled valve F. 

A reducer G would be inserted in the air piping feeding nozzle D 
and diaphragm E so that a slight flow of air through this nozzle, 
would 


resulting from a slight movement of flapper B to the left, 


Fig. 7 














Comp ressed 


— Air Supply 
7 See ee ewww —_~ > 


suffice to create considerable pressure Crop through this reducer 


and therefore—the pressure of supplied before this reducer, 


remaining constant—a considerable decrease of the pressure exist- 
ing after this reducer so as to cut down to zero all pressure in this 
part of the device for a slight movement of pen or index A. 

Under these conditions, when the temperature inside the heating 


unit decreases below the lower limit of control, pen A moves to the 
left, uncovering slightly nozzle D and creating a slight flow of air. 
This lowers the pressure after reducer G down to atmospheric 
results in a flow of air (which exerts its 


the 


pressure—which, in turn, 


pressure on diaphragm E of controlled valve F) outside of 
controller, this air being exhausted from the pipe which connects 
diaphragm E to the controller and flowing out through nozzle D. 

The pressure on diaphragm E is therefore also lowered down to 
atmospheric pressure and controlled valve F will, under the action 
of its spring, open to its maximum extent in order to insure the full 
flow of heating medium instead of the minimum heat input (or 
none) to the heating unit. 


Continued on Page 362 
° The four schematic diagrams, Figs. 7, 8, 9 and 10, pertain te, the instruments 
made by the Brown Instrument Company of Philadelphia, U.S.A., but the 


and European instrument companies. 
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The Month’s NEW INSTRUMEN 5 








In this department we report each month new devices for measurement, inspection, 
testing, metering and automatic control—in the form of concise technical descriptions. 


FOR FURTHER INFORMATION USE THE POSTAGE FREE ORDER CARD ON PAGE 37! 


High-precision Dial Manometer 
New “Type FA-145” precision dial 


manometer is available in two standard 
ranges: 0 to 120 in. water and 0 to 120 





in. mercury (special ranges up to 200 
in. mereury custom-built). Scale is fur- 
nished in any desired pressure equiva- 
lent. Dial diameter is 8.5 in. but scale 
is actually 45 inches long in two revolu- 
tions of pointer. Every instrument is 
calibrated against a _ liquid-column 
Standard at 100 points (or more) and 
scale is hand-drawn, usually with about 
1000 graduations. Zero may be sup- 
pressed up to max. of 25 percent of 
range (depending on range). Antiparal- 
lax mirror minimizes reading errors. 
Ultimate sensitivity is 0.01 percent of 
scale range; accuracy 0.1 percent; tem- 
perature correction 0.0375 percent per 
deg. C.; standard calibration tempera- 
ture 22 deg. C.; hysteresis (max. effect) 
0.2 percent for full-range change in 
pressure.—Wallace & Tiernan Products, 
Inc., Belleville 9, N. J. 
Mention No. 401 when filling out card 


Multiple-signal Systems 
New “Series 300 Panalarms” are said 
to represent a new conception in indus- 
trial signal systems for process work, 
power plants and other applications 
where both audible and visual alarms 
are required to indicate failure or off- 
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normal changes. Alarms are designed to 
make possible safety shut-downs, se- 
quencing or inter-locking of plant opera- 
tions. They may be actuated by any re- 
mote switch, thermostat, float-switch, 
etc. Safety and reliability are insured 
by making lamps glow dimly during 
normal operation. If signals go out of 
service or bulbs burn out, operator 
knows this at once. Where there is an 
abnormal condition, two signal lights go 
on and a warning is given by a horn or 
other sound device. Horn is turned off 
and white lights goes off but red lights 
stays on, when failure is acknowleged 
by operator. Horn is immediately back 
in service for monitoring any further 
failure. Thus, a single horn serves for 
any numbcr of alarms. Many combina- 
tions of lights and signals are available 
to indicate trouble line, also to indicate 
when corrective measures. have been 
taken, and finally when line is cleared 
back to normal. Up to 12 units may be 
had in a single cabinet. Each cabinet 
contains a wiring strip capable of re- 
ceiving any combination of various 
alarm units. Any unit may be removed 
and replaced in seconds without dis- 
turbing the others. Flexibility is insured 
by allowing extra spaces in cabinet for 
spare units. In early stages of design, 
user selects a large enough cabinet; ac- 
tual units can be selected and plugged 
in later. Cabinets are adapted to flush 
mounting on central control panels or 
to wall mounting. Systems come com- 
pletely wired—Panalarm Products, 
Inc., 7216 N. Clark St., Chicago 26, Illi- 
nois. 
Mention No. 402 when filling out card 


Portable Vibration Detector 


New portable “Sono-Probe” is smaller 
version of maker’s industrial model 
noise and vibration measuring system. 





Weighing 10 lbs., instrument can be 
employed as leak detector, for trouble 
shooting and maintenance applications. 
Operates from batteries, has scale grad- 
uated from 0 to 100. Earphones also 
are provided for periodic checking of 
machines to discover wear. Amplifica- 
tion is variable up to 700 db. and range 
is 100 to 20,000 cps.—Aireraft Elec- 
tronics Associates, 1031 New Britain 
Ave., Hartford 10, Conn. 


Mention No. 403 when filling out card 





Micro Hardness Teste: 
New micro hardness tester is 
be first to apply accurately dead 
loads as light as 1 gram, for us 





either Knoop indenter or VWickers-typ: 
indenter. Accurate application of 1 
gram dead-weight load is said to oper 
new avenues in testing minute particles 
inclusions, constituents, thin metals 
transition zones of welds, wire, fo 
ceramics, glass, enamels, plastics and 
jewels, both natural and_ synthetic 
Tester has adjustable oil dash pot fo 
controlling speed of load applicat 
and time of load retention. Mechanical 
stage — consisting of stationary plate, 
transfer plate and specimen block 
provides convenient means for positiv: 
ly locating and positioning exact area 
of test specimen. Dead weights for a} 
plying loads of 1 to 1000 grams, and 
optical measuring equipment, are su] 
plied as standard equipment Kent 
Cliff Labs., Peekskill, N. Y. 

Mention No. 404 when filling out card 


CRO-display Marker 
New “Megaligner” marking devic: 
covers frequency range from 19 to 4" 
Me. including all present and proposed 
if. bands. It has a self-contained pow: 
supply and provides a tunable C.W 
signal which may be used as a signa 
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source or with maker’s “Mega-Sweep” 
to produce a tunable “birdie” type 
marker on an oscilloscope display. In 
addition, When used with “Mega- 
Sweep,” a tunable “pip” type marker 
is available which is connected directly 
to vertical amplifier of display oscillo- 


F scope. “Pip” marker does not overload 


receiver nor disappear in traps. Two 
markers have independent amplitude 
controls and accuracy of instrument is 
0.5 percent of full scale——Kay Electric 
Co., Pine Brook, N. J. _ 

Mention No. 405 when filling out card 


Constant-flow Controller 


for Jet-engine Fuel 
New automatic fuel metering unit, 
for use with turbojet, ram-jet and pulse- 
jet engines, provides constant fuel flow 





to engine for any fixed condition of 
airspeed, altitude, and air temperature, 
regardless of changing metering pin 
surfaces, pump output variations, or 
flight load changes and vibrations. 
Manual controls are provided for rapid 
easy-to-make adjustments to peak ef- 
ficiency in varied installations.—G. M. 
Giannini & Co., Inc. 254 West Colorado 
St., Pasadena 1, Calif. 
Mention No. 406 when filling out card 





Rate and Position Telemetering 
Gyros 
New telemetering rate gyros for ro- 


tational measurements from 10 to 1000 
deg. per sec.; and position gyros with 





one- and two-axis electrical primary 
elements; are announced. “No. 2311” 
(illustrated) has range of plus-or-minus 
300 deg. per sec.; undamped natural 
irequency 21 cps. ; 2500-ohm pickoff ; no 
damping; resolution under 15-G load 
\.6 deg. per second; linearity error 2 
ereent of full scale; size 2.62x3x4.25 






















































To insure uniform quality, the 
Latrobe Electric Steel Company in- 
spects billets and bars of their 
Desegatized* brand tool steel with 
a Sperry Type SRO4 Ultrasonic 


Reflectoscope. 


So efficient is the Reflectoscope as a 
“protector” against defects that La- 
trobe states, “To the best of our 
knowledge, no Desegatized* steel 
containing bursts, pipes, gas pockets 
or other major internal defects has 
been able to pass the rigid test of 
Reflectoscope inspection,” 


This statement, by one of an in- 


\. 


creasing number of progressive steel 
producers who are using the Re- 
flectoscope in production tests, testi- 
fies to the advantages of ultrasonic 
testing. The Sperry Reflectoscope ... 


Tests materials ‘‘in place’’ 
Penetrates to 25 feet 
Finds detrimental defects 
Eliminates deiays 


The new SROS Reflectoscope com- 
all 
earlier model plus fewer controls, 


bines the advantages of the 
portability and lower costs. Write 
for complete details, Bulletin 300!. 


*Trade Mark Registered t 3. Patent Office 


SPERRY PRODUCTS, INC. 


SP-148 


DANBURY, CONN, 
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“The Best Book of its kind— 
not only on Glass Blowin g but 
on hundreds of techniques” 





Scientific 
and Industrial 


Glass Blowing 
and 


Laboratory 


Techniques 


BY 
WILLIAM E. BARR 
AND 
VICTOR J. ANHORN 


Gulf Research and 
Development Co. 





This book appeared in serial 
form in Instruments from De- 
cember 1945 to November 1947 
(both inclusive) and was hailed 
in many laboratories and plants 
as “the last word on a hundred 
and one useful subjects.” 


Skilled Technician Barr and 
Scientist Dr. Anhorn have joint- 
ly written the MOST INFORM- 
ATIVE book on glass blowing 
ever prepared, 


Not only is construction ex- 
plained in detail, but the operat- 
ing principles of all pieces of 
apparatus are also explained. 





380 PAGES 
212 FIGURES, most consisting of 


several diagrams. Total over 300. 
24 TABLES 
EXPERTLY-COMPILED INDEX 


$6.00 postpaid 


Remittance must accompany order 





Instruments Publishing Co. 


1117 Wolfendale St., 
Pittsburgh 12, Pa. 
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in.; weight 1.6 lbs. “No. 3611” has 3000- 
ohm voltage-divider-type pickoff; is 
available with or without damping; size 
4.5 in. diam. x 3.25 in. high; linearity 
error 1 percent of full scale; available 
in two types: “Type 1” has plus-or- 
minus 300 deg. per sec. range, 1.5 deg. 
per sec. resolution under 15-G load and 
30-cps. undamped natural frequency; 
“Type 2” has plus-or-minus 18 deg. per 
sec, range, 0.2 deg. per sec. resolution 
and 9-cps. UNF.—G. M. Giannini & Co., 
Inc., 254 W. Colorado, Pasadena 1, 
Calif. 
Mention No. 407 when filling out card 


Miniature Multiturn Rheostat 


New miniature “Multipot,” said to 
be smallest ten-turn rheostat ever pro- 
duced (length and diameter each one 
inch), embodies the same construction 
features as standard-size “Multipots,” 
is for use where extremely fine resist- 


ance adjustments are required in limit- 
ed space. “Paliney” contacts plus mak- 
er’s coil-forming technique are said to 
result in maximum degree of mechan- 
ical smoothness and electrical quietness: 
each unit is individually checked in an 
ultra-high gain circuit, “passed only if 
it is entirely free from contact noise,” 
and backed with an unqualified guar- 
antee. Linearity of miniature unit can 
be held to within plus or minus 0.1 per- 
cent and of next larger model (1 in. 
diameter and 2 in. length) to within 
plus or minus 0.05 percent. Almost any 
resistance up to 20,000 ohms can be pro- 
duced in the smallest model. Power 
rating, 1.5 watts—Ford Engineering 
Co., Box 158, Los Angeles 41, Calif. 


Mention No. 408 when filling out card 





Magnetic-tape Recorder 


New “Type MR-4” is addition to 
maker’s line of data recorder mecha- 
nisms for use With suitable coupling 


equipment and sensing instruments as 
a complete recording system. It with- 
stands high shock accelerations up to 
75 G’s. “Type MR-4” recording mech- 


anism is 13-channel unit weig 
24 oz. It includes one refer 
quency oscillator plus 12 inf, 
channels and has a recording 
2.5 minutes. Unit uses magneti: 
store variable or transient dat 
conditions of severe shock acce 
for later re-running and ana 
Cook Research Labs., 1457 | 
Prky., Chicago 14, Ill. 


Mention No. 409 when filling ou 





Autographic Tensile Testing 
Equipment 


New tensile tester makes possi! 
curate load-elongation measur 
of plastic and textile materials, 
paper, rubber, adhesives and s , 
specimens. Full-scale load range ex. 
tends from 2 grams to 5,000 Ibs., choice 


of jaw speeds ranges from 0.02 to 20 
in. per minute. Tester permits variety 
of unique testing techniques for deter- 
mining special properties. Instrument 
utilizes electrical weighing system based 
on electric strain gage principle for de- 
tecting and recording load applied to 
sample. Pulling jaw drive provides con- 
trolled rate of elongation of sample, 
over wide range of speeds, in either di- 
rection of travel, and with instant re- 
versibility. Chart of high speed recorder 
is driven at various speed ratios with 
respect to this jaw, so that tensile load- 
elongation curves of material are made 
accurately at constant rate of elonga- 
tion. Power to actuate moving crosshead 
is derived from servo-controlled drive, 
and low power reference unit is driven 
synchronously at various speeds through 
set of light change gears. Almost no 
lag or error is introduced at reversal, 
enabling measurements of hysteresis 
under cyclic conditions with accurate 
correspondence between head position 
and chart travel. Operation of pulling 
head is controlled by pushbuttons. Chart 
speeds range from 0.2 to 50 in. per 
minute, providing magnification ratios 
up to 1000 to 1.—Instron Engineering 
Corp., 2 Hancock St., Quincy 71, Mass. 


Mention No. 410 when filling out card 
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Color Computing Instrument 

New “General Aniline-Librascope Tri- 
stimulus Integrator,’ is described as 
“an automatic instrument so precise it 


can distinguish more than 100,000,000 


colors . . - figures out the answer to a 


| series of computations involving inte- 
a same job by hand can sharpen his 
) pencil. 


ral calculus before a man attempting 


” Instrument was designed for 


use with the General Electric Spectro- 


photometer. Only minor modifications of 
spectrophotometer are required, and 


computer may be placed inside the ex- 


| isting ease as shown in Fig. 1. Data on 





light sources and sensitivity of average 
eye were standardized by the ICI in 
1931, and data on reflectance or trans- 
mission of a colored sample may be ob- 
tained from recording spectrophotom- 
eter. These values must then be com- 


' bined mathematically to give tristimu- 


+ SSI 29th enteunnnONNE RRR +1. 


lus values, which are a unique specifica- 
tion of color observed. New computer 
multiplies data at each wavelength and 
sums up products to obtain these three 
numbers automatically. Ball and disk 
integrators, cams, and counters are used 
in computer mechanism (see Fig. 2). 
Data from recording spectrophotometer 





are introduced by means of Selsyn 
transmitters and servo systems while 
data on the light source and eye sensi- 
tivity are cut on cams. Calculations are 
completed within the 2.5 minutes re- 
quired for measurement of a sample in 
spectrophotometer. Computer calculates 


| NORTH AMERICAN PHILIPS COMPANY, 


Well gladly SPLIT A HAIR for you... 


and gold-plate it too! 


in ee Ce fe Coe Se eS Ce ee Oe CeCe CSS Oe eSe eee 8 ee 8 6 @ 





INE Wire Headquarters often gets the darndest 


problems... solves ‘em, too! Here's a typical 
example: 

A manufacturer of special-purpose electronic 
tubes required a quantity of .00028 fine Tungsten 
wire, which is 1/10th the diameter of a human 
hair. And this had to be plated with a coating of 
gold to a uniform thickness of .000006. Uniformity 
of the goldplating was as important to perform- 
ance characteristics of the wire as the exact diam- 
eter of the wire itself. 

Fine Wire Headquarters accepted this chal- 
lenge, went to work and delivered this gold- 
plated hair-splitting assignment to the customer's 
complete satisfaction. 


* * * 


North American Philips specializes in drawing, 
enameling and plating extremely fine wires in 
practically all metals and alloys. 

So, when you have a problem on Fine Wire, 
Tungsten, or Molybdenum why not call on Fine 
Wire Headquarters? Phone, wire or write to North 
American Philips, makers of NORELCO Fine 
Wires and ELMET Tungsten and Molybdenum 
products. 


Dept. XV-4, 100 East 42nd Street, New York 17, N. Y. 
Export Representative Philips Export Corporation 
100 East 42nd Street, New York 17, N. Y. 
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Providing Precise Response and Proportional 


Control at Moderate Cost 





CONTROL 
SETTING SCALE 


PROPORTIONAL 
BAND SCALE 


OVER-RANGE 
LEVER 





These controllers are designed 
for many industrial applications 
requiring accurate control 
where more expensive instru- 
ments are not warranted. 
Applications include, among 
many others, pump governors, 
steam pressure reducing sta- 


tions, gas well pressure reduc- 


tion, etc., requiring small to in- 





om” 


INDEX POINTER 









PROPORTIONAL 
BAND ADJUSTING 
KNOB 


BOURDON 
TUBE 


SYNCHRONIZER 


MANIFOLD 


CONTROL 
SETTING KNOB 


termediate proportional band. 
The case is rugged and suita- 
ble for outdoor service; it is so 
designed that it may be mounted 
on the valve (on integral pad or 
by means of a U-clamp) or, #f 
the occasion arises, it may be re- 
moved from the valve and mounted 
on a wall. A flush type case is also 
available for panel mounting. 


MASON-NEILAN REGULATOR CO. 
1213 ADAMS STREET, BOSTON 24, MASSACHUSETTS, U.S.A. 
Sales Offices or Distributors in the Following Cities 


New York «+ 
Pittsburgh «+ 


Chicago + 
Cincinnati «+ 


Syracuse «+ 
Cleveland «+ 
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St. Louis «+ 
Tulsa 
Mason-Neilan Regulator Company, Ltd., Montreal and Toronto 


Philadelphia + Houston «+ Denver 


« Atlanta + Los Angeles «+ 





| 


the tristimulus values with a 
of about five-hundredths of on: 
| —General Aniline & Film C 
Park Ave., New York 17, N. 

Mention No. 411 when filling . 








High- frequency Signal Ger rato; 


New “Model 614 A” signal ¢ 
| for fast readings between 800 a 
| Mc. does away with charts and 





lations, since readings are made direct 
in either microvolts or decibels. Carrie; 





| on large central tuning dial. Instrumen: 
| has constant internal impedance SWR 


of 3 db and accuracy is plus or minus 


| 1 db. R-f. output ranges from 0.1 volt 
to 0.1 microvolt, and may be continuous 
| pulsed or frequency-modulated at pow 
| er-supply frequency. Instrument can b 
modulated externally or internally, and 
may be synchronized with positive 0, 
| negative pulses or sine waves.—Heu 
| lett-Packard Co., 395 Page Mill Road 
Palo Alto, Calif. 
Mention No. 412 when filling out card 





Instrument Heaters 

New “Type TMO” line of “Chroma 
lox” multiple-element electric immersio: 
heaters for high-pressure high-tempe: 
ature applications comprises units from 
3 to 100 kw., obtained by arranging 
| groups of tubular elements in extra 
heavy mounting flanges. They are rec 
ommended for maintaining constant 
temperatures of instruments installed 
in’ locations where témperature ex- 
tremes, drafts, etc., prevail. They ar 
useful also for preheating air or othe: 
gases, superheating steam, ete.—Edwi) 
L. Wiegand Co., 7592 Thomas Blvd 
Pittsburgh, Penna, 








Mention No. 413 when filling out card 


TC Assembly for Thermal 


Radiation Measurements 
New Horning-O’Keefe type thermo- 
| couple assembly has extremely high sen- 
| sitivity and fast resp@se. It is partic- 








909 


ularly suitable for thermal radiatio! 
measurements, employing chopped 

modulated radiation at frequencies u} 
to 10 eps. Active target surface 0.75 mm. 
square; spectral range with KBr window 


: | 0.8 to 25 microns; resistance betwee! 
San Francisco 


6 and 10 ohms; d-c. sensitivity greate! 


| frequency is also set and read directly 
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available for use on 
Danco Instruments, Co., P. O. Box 387, 
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Mention No. 414 when filling out card 





Magnetic Clutch 





current is 0.125 amps. Small power pack 
110 volts a.c.— 


Huntington, N. Y. 
Mention No. 415 when filling out card 





Sensitive D-c. Integrator 
New “Model 808,” integrator, design- 


than 6 volts per watt is obtained for a 
‘ime constant of approx. 35 milliseconds. 
Dimensions of thermocouple case have 
heen chosen to subtend approx. 10 per- 
» ent of the area of a 60-mm. diameter 
rical mirror when housed thermo- 
le is placed at its focus. Case is 
led with an activated charcoal 
hich serves to absorb gas which 
released from in- 

terior walls. New unit is available in 

the following forms:—compensated or 
uncompensated; mounted or unmount- 

ed; evacuated and with charcoal trap.— 
| Farrand Optical Company, Inc., 4401 

Bronx Boulevard, New York 66, N. Y. 


New magnetic clutch for instrumenta- 
tion is 4.5 in. long, 1.62 in. diam.; trans- 
mits torque of 12 in.-lbs. on 110 volts 


de. under continuous load. Operating 


ed for use in general industrial and | 
research applications, provides means | 


for simple and effective integration of 
d-e, potentials or currents with respect 
to time. Fundamental! elements are mak- 





er’s “Model 806 Integrating Relay,” an 
electronic relay circuit with associated 
sealed reed type relays, and a counting 
mechanism. “Model 806” is primary ele- 
ment, operating relay circuit to initiate 
an oscillatory action with frequency 
proportional to input. Counter registers 
number of cycles to provide a running 
time-integral of input. Application in- 
clude: Light integration (using photo- 
cell) ; d-e. ampere-hour integration from 
low-potential shunts; watt-hour inte- 
gration using thermal converters; total 
radiation integration using thermopiles; 
integration of nuclear radiation in com- 
‘ination with Geiger counters or ioniza- 
‘\on chambers; integration of magni- 
ides measured by changes in transmit- 





Check These Outstanding Features 
of the New 
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1. Pneumatic proportionality accomplished 
with feed-back bellows and cantilever 


leaf spring. 


2. Direct nozzle and flapper pilot with 


metering restriction. 


3. Large powerful bourdon tube for greater 


response and control performance. 


4. Adjustable proportional band between 
3% and 50%. 


5. Wide selection of pressure ranges. 


6. Cases for valve or wall mounting; also 


flush panel mounting. 


7. Ease and accessibility of adjustments. 


MASON-NEILAN REGULATOR CO. 
1213 ADAMS STREET, BOSTON 24, MASSACHUSETTS, U.S.A. 


Sales Offices or Distributors in the Following Cities 


Chicago «+ 
Cincinnati + 


Syracuse « 
Cleveland «+ 


New York « 
Pittsburgh «+ 


11. 





When steel construction is specified, con- 
trolled pressure connection, tubing to 
bourdon tube and entire bourdon tube 
assembly, are supplied with Type 316 
Stainless Steel, in order to avoid corrosive 


effects, 


Unit construction (proportional mecha- 


nism, nozzle block, etc.) and manifold, 


Control action reversible with either 


bourdon or bellows. 


Manifold trans- 


mission of any possible case distortion to 


construction prevents 


control mechanism. 


12. Set point indication, 


St. Louis 
Tulsa + 





Philadelphia + Houston « 


Atlanta + Los Angeles «+ 


Mason-Neilan Regulator Company, Led., Montreal and Toronto 





Denver 


San Francisco 
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This flow rate meter 


ELIMINATES 
“Sable 
Tadiiiteg” 


THIS compact rotameter is the answer to 
purge line (Bubbler) control installation. 





e © © no bubble counting 


© ¢ © true purge rate indication 


© ¢ @ easily and neatly panel mounted singly or 
in multiple, requires a minimum of space 


e « © furnished with or without needle control valve 
* « $10.50 per unit without control valve 
(lower price when purchased in quantity) 


For complete specifications write for catalog 31-E. 


DEPT. 9P-5C 


FISCHER & PORTER CO. 


HATBORO, PA. 














FOR LABORATORY 
PILOT PLANT 
AND SPECIAL SERVICE 

AS SMALL AS 4" 


Complete dimensional information on glass 
lines is included in Bulletin 94. Yours for 
the asking. Write Dept. 9P-5C 


FISCHER & PORTER CO. 


HATBORO, PENNSYLVANIA 
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ted light, such as totalization 

particles suspended in liquid 
thorugh pipes at a constant } 
is chassis-mounted and enc): 
cast aluminum weatherproof 

limited service life may be ex; 
cording to manufacturer, wit 
vacuum tube replacements on! 
2,000 service hour intervals. 
Electrical Instrument Corp., 

linghuysen Ave., Newark 5, \ 
Mention No. 416 when filling « 


Coating-thickness Gag 
New “Coatingage” directly a 


idly indicates thickness of non-n 
coatings on iron or steel, with 





age to coating. Two concentric sca\ 
cover a range of 0.0001 in. to 0.5 

Self-contained battery power supply 
permits field as well as laboratory 

production-line uses. “Coatingage” head 
contains a coil connected to a bridgs 
circuit. Coating thickness is measured 
by effect of changes in reluctance 

magnetic circuit. When coil is in direct 
contact with base metal, bridge is bal- 
anced for zero thickness. An increas 
in gap between coil and base metal un- 
balances bridge and causes current t 
flow through indicating microammeter 
Luggage-type carrying case is 8 x 9x 6 
in. Outfit weighs 10 lbs. Thickness read 
ings are within 10 percent of actua 
thickness.—Branson Instruments, Inc.., 
436 Fairfield Avenue, Stamford, Conn. 


Mention No. 417 when filling out card 





Resistance Thermometer Bulb 


New resistance thermometer is said 
to provide fast response: 2.5 sec. for 63 
percent change. It can be used at tem- 
peratures up to 1,000 deg. C. Furnished 
with platinum or nickel element, in 
stainless steel or brass casing. Ambient 
resistance from 10 to 100 ohms.—Danco 
Instruments, Inc., P. O. Box 387, Hunt- 
ington, N. Y. 

Mention No. 418 when filling out card 





Surface Thermometers 


New resistance thermometers are de- 
signed for applications where it is more 
convenient to measure temperature at 
surface (of a tank, pipe line, etc.) than 
to insert a thermometer through a spe- 
cial fitting. Unit consists of a strip 0! 
flexible material wound with wire and 
covered on both sides with thin mica 
Unit is 0.5 in. wide and 2 in. long 
Three flexible silver leads are provided 
for connection to indicator or controller 
of any make. Unit can be attached t 
metal tank or pipe with suitable cement. 
If it is covered with asbestos or other 
insulation, temperature indicated should 





be that | 
meters 2 
or cont! 
plastics. 
ance Va 
ice point 














G. We ill 
4, N. Y. 
Mentic 


Layo 


New 
9 in.; 1 


| adjuste 


up to 1 
eter 5] 
watt ti 
Lamps 
work. | 
justme 
positio 
hand ° 
screw 
is des 
labora’ 
precist 
Mfg. ( 
cago 1 


Ment 


onan 





New 
contro 
and oi 
ated it 


ee 














be that of liquid in tank. New thermo- 
meters are said to be ideal for indication 
or control of temperature of dies for 
nlastics. They are available in resist- 
ance values of 100 or 50 ohms at the 
ice point. Range up to 900 deg. F.—Paul 
G. Weiller, 95 Broad Street, New York 
4, N. Y. 

Mention No. 419 when filling out card 











Layout and Inspection Plate 


New precision ground plate is 11 x 
9 in.; is cross-ribbed on underside for 
rigidity and has illuminated magnifier, 











adjustable to any angle, and any height 
up to 10 in. Magnifier has 4.5 in. diam- 
eter specially-ground glass, with 25- 
watt tubular lamp on each side of glass. 
Lamps are shielded to direct rays onto 
work. No wrenches are required for ad- 
justment of magnifier holder. Vertical 
position on post is maintained by small 
hand wheel. Collar with knurled set 
screw provides additional support. Unit 
is designed for instrument makers, 
laboratory technicians and others doing 
preciston work.—All American Tool & 
Mfg. Co., 1014 W. Fullerton Ave., Chi- 
cago 14, Ill. 


Mention No. 420 when filling out card 





Refractometer 


New refractometer for testing and 
controlling quality of chemicals, foods, 
and oils is portable electrically-illumin- 
ated instrument which is said to afford 








ne ee 














\ 


l and Source 


Symbo 





of America’s Foremost 


M eteorological Instruments 


For a single meteorological instrument or a complete 
weather station, for airports or industrial plants, Bendix- 
Friez can meet the need with equipment that is the acknowl- 
edged standard for accuracy and advanced design. Write 
for our 48-page catalogue which lists, illustrates and 


describes scores of instruments useful to industry. 
















FRIEZ INSTRUMENT DIVISION 
OF BENDIX AVIATION CORPORATION 
Baltimore 4, Maryland 





AVIATION CORPORATION 
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— accurate refractive index read 
ie rf less time than was possible wit} 960 deg 
——_waier mer ous instruments. Detachable pri fi tion 
tem may be removed and }; ie sta 
quickly with duplicate set to av; i with syn 
; offs, should repairs become nec device.— 
DON T MISS THIS NEW CATALOG (Previous models required facto, Mentic 
icing, involving several weeks seer 
Other features include built-in, S 
sion-free glass scale, dust-proof | v 
and illumination system, and stat New 
eyepieces.—Bausch & Lomb Opti: sweep-S 
Rochester 2, N. Y. narrow: 
Mention No. 421 when filling out tive FM 
a ea Sy ned Frequel! 
in five 


Multi-purpose Electrical Tes; 
New “Model 447A Multitester” 


streamlined version of “Mode| 
lighter-weight because of magnesiun 





panel and new battery arrangement 
Ohmmeter circuit has been simplified s: 
as to have same over-all coverage with 
only one unit cell and an improved bat- 
tery holder. Gold-plated copper oxid 
rectifier with excellent current-density 








characteristic gives improved perform vernier 
ance for measurement of a-c. and out | 1500 f 
put voltages. Provision is made for ex nated | 
INCLUDES SECTIONS ON tending ohmmeter range to 10 megohms cable p 
by using an external battery—Radio [of test 
City Products Co., 152 W. 25th Street, line im 
SELECTION AND USE OF New York 1, N. Y. applica 
; d ; ‘ , termin: 
ELEMENTARY OPTICS Mention No. 422 when filling out card . 
CONSTRUCTION en . a Unit m 
y MICROSCOPES | Cylinder-block Gaging Machine shes. 
ERSATILITY New cylinder-block gaging “Preci- ¥ 2 D 
sionaire” checks each bore in V-8 moto: M ae 
; block at four different points and op =_ 
Request Bulletin 161-48 
New 
amplifi 
. noise p 
THE GAERTNER SCIENTIFIC CORP. is said 
% ple, ec 
i211 Wrightwood Ave 3 Chieago 14 : U.S.A. noise 















































DIFFERENTIAL DIFFERENTIAL 
PRESSURE PRESSURE erator manually stamps classification 
INDICATOR RECORDER for proper assembly. Cylinder block 
comes on a roller conveyor, moves into 
For the first time, long desired operating characteristics of the actuating element in flow | position on a turntable, is locked in pro microy 
meters has been achieved by Barton Instrument Company. | per locating position. Operator then lite is. 
Stainiess Stee! Rupture-Proof Bellows * Torque Tube Drive * Self Venting or owers the four gaging spindles into c) equipr 
Draining Actuating Unit * Removable Pressure Chambers * Differential Range: linder bores by pressing “down” button fener 
0-20 W.C. to 0-500 W.C. to start inspection operation. Each gag sities 
Write tor Preliminary Data Sheets 200-1 and 202-1 ing spindle has four sets of air _ fines i 
Floats in 16 glass tubes indicate results 
BARION INSTRUMENT CO. | By turning a handle, operator rotates phar 
: 3502 UNION PACIFIC AVE., LOS ANGELES 23, CALIF. | spindles 180 deg. and obtains a ful! comme 
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960 deg. check for out-of-round. Classi- 
fication is in steps of 0.00025 in. Oper- 
ator stamps this information on block 
with symbols, using a manually-operated 
device —The Sheffield Corp., Dayton 1, 
Mention No. 423 when filling out card 





Sweep Signal Generator 


New “Series [E-400” 
sweep-signal generator offers wide- and 
narrow-band sweep selection for posi- 
tive FM and TV alignment and service. 


Frequency coverage from 2 to 240 Mc. | 
in five bands without skip; continuous 


aT. es 





i. 


narrow and wide band sweep direct 
reading from 0-1 Mc. and 0-10 Mc. 
Direct-reading, turned-aluminum tun- 


ing dial with about 6 ft. of easy-read- | 
ing, 2-color etched scales is incorpo- | 


rated. Also included is direct-reading 
vernier scale, reading to one part in 
1500 for critical applications. Termi- 
nated RG-U type co-axial rf. output 
cable provides for non-reactive injection 
of test signals, with HI-LO, plus open 


line impedance for utmost flexibility of | 
application. External deviation input | 


terminals offer direct facility for sweep 
operation at any desired frequency. 
Unit measures approx. 10.5 x 12 x 6 
inches.—Precision Apparatus Co., Inc., 
92-27 Horace Harding Blvd., Elmhurst, 
L.1., N.Y. 


Mention No. 424 when filling out card 





Vibration Tester 


New “Sono-FProbe” is an electrical 
amplifier whose input is vibration or 
noise picked up by contact microphone; 
is said to open whole new field of sim- 
ple, economical vibration detection and 
noise analysis. Long metal probe of 





microphone (alternate probe of Bake- | 
lite is provided for use around electrical | 
equipment) is placed in contact with | 
source of vibration. Because it is insen- | 


sitive to airborne sounds, operator con- 


fines investigation to object touched by | 


probe. Earphones are provided; also a 
decibel indicator and simple volume 
control for measurement of amount of 


wide-range | 








* 
* 
* 


” 
* 
* 
* 
* 
* 


INJECTION JET DRILLING 
WATCH ESCAPEMENTS 
FINE ENGRAVING 
PRECISION GRINDING 
HAND BROACHING 
SMALL PARTS INSPECTION 
LENS MOUNTING 

DIE SINKING 


MANY OTHER TOOL- 
MAKING, FABRICATING, 
AND INSPECTION 
PROBLEMS 





Inanujackt 








This operator knows that her work will 
pass inspection. With the aid of a Spencer 


Stereoscopic Shop Microscope she sees smaller 


details and controls her operation more ac- 
curately. The result is less scrap; lowered 
costs; increased profits. 

Designed to meet critical wartime require- 
ments, the Spencer Shop Microscope offers 
manufacturers new possibilities for quality 
control at every point——-inspection of raw 
materials, toolmaking, tool inspection during 
operation, fine machining, and final inspec- 
tion. Equipped with or without standard 
base, it is adaptable and can be permanently 
mounted to your equipment. Choice of optics 
offers magnifications from 9X to 54X. 


For further information write Dept. R32. 


American @ Optical 
COMPANY 
Scientific Instrument Division 
Buffalo 15, New York 


yors of the SPEN 
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Brooks Hi-Accuracy 
Rotameter with 600 
millimeter scale 
length for accurate 
readings. 


The best answer 


to rotameter value 


For the past three years, we have been advising 
you that our “Full-View” rotameter with Safety 
Shielding gives these advantages for flow rate 
measurement: (1) lower maintenance, (2) greater 
safety, (3) increased corrosion resistance, and 
(4) higher accuracy. 


To date several hundred companies have found 
that they like our product and our way of doing 
business. This is the best answer we can give you 
to establish the validity of these claims for our 
rotameter. Maybe you, too, would get better per- 
formance with it. 


We make all types of indicating and recording- 
controlling rotameters. As a starter, why not send 
for our Bulletin No. 20 which goes into details? 


BROOKS ROTAMETER CoO. 


BOX A-5249 


LANSDALE, PA. 








one-second zero setting 


with revolving dial and 
external knob 


HEISE GAUGES 


STANDARD OF THE WORLD 
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vibration. Volume can be adju 
acceptable standard decibel lev: 


| dicator and vibration level of a: 


ber of similiar parts or machine 
ured against it. No special tra 
needed to operate. It provides 
no-go” or graded standard for 


| ing parts or finished assemblies, 


tenance and trouble shooting insp 
diagnosing motor ailments, c} 
sound insulations, shock mount 
expansion, water and air leaks, 
tural vibrations. Bench model op 
on 115 volt a.c. Battery operated 
able “Sono-Probe” is also availa 
Aireraft Electronics Associates 
1031 New Britain Ave., Hartfo 


| Conn. 


Mention No. 425 when filling out . 





Vacuum-Tube Voltmeter 


New “Type AA-1” vacuum-tube 
meter has calibrated range of 0.001 


| to 800 volts at all frequencies fron 10 


cycles to 1.5 Me. It also is graduated 
in decibels, covering a range of minus 
52 to plus 52 decibels from a reference 
level of 1 milliwatt at 600 ohms. Ten- 
position push-button switch permits 
any working range to be selected in- 
stantly without passing through inter- 
mediate ranges. Suitable for either 
portable or bench use, voltmeter has 
aluminum case with sloping front panel. 
Terminals for wires or standard ba- 
nana jacks are provided; another set of 
standard banana jacks is furnished for 
taking off amplifier output. —General 


| Electric Co., Schenectady 5, N. Y. 


Mention No. 426 when filling out card 





Manual Control Valve 
New line of manually-actuated 4- 
position dual pressure valves, for use 
en accumulator-actuated high- and low- 


| pressure presses, incorporate “Shear- 


Seal” principle. Lever, when moved 
through 90-deg. arc, permits separate 
introduction of low pressure and hig! 
pressure fluid. Throttling may be accom- 
plished on low-pressure line and inter- 
mediate shut-off position is provided, 
permitting all flow to be stopped wit! 
minimum of handle motion. Furnished 





in 4 sizes 


for presst 
contact W 


steel. Sav 


4 Los A ngel 


Mention | 


D. 


New d- 
«9200 Set 
low-voltag 
said to 
speed cha 
mechanica 


897 


within alt 
lasting fi 
ver-graph 
current. | 
cated for 
and light 


; of 900 rp 


of output 
ard gear 
to operat 
“5148 anc 
timers ut 
motors co 
clutch. T] 
stantanec 


' ed for eit 


ing by co 
double-th 
claimed t 
switch is 
increased 
decreasec 
timer is 
nished w 
or interv 
over wic 
Both seri 
ations in 
in voltag 
Mfg. Co. 

Mentior 


Torq 


Two nr 
stands, 
SDB-50” 


torque n 
ounces 
SDB-10 
ounces, 
inch-our 
from 0° 
f 0.25 
ive bal 





S .. 4 sizes from 0.75 to 2 in. N.P.T., all 
| for pressures to 7000 psi. All parts in 
contact with fluid are #416 stainless 
steel. Saval, Inc., 1915 East 51st St., 
Los Angeles 11, Calif. 
Mention No. 427 when filling out card 


D-c. Motors, Timers 


New d-c. timers and motors include 
«9990 Series” d-c. motor which is a 
low-voltage permanent-magnet type 
said to feature uniform torque and 
speed characteristics without use of a 
mechanical governor. Alnico magnet 


CA, 


a7 
within aluminum rotor is said to assure 
lasting field flux; two long-lasting sil- 
ver-graphite brushes supply armature 
' current. Motors are reversible, lubri- 
cated for life, totally-enclosed, compact 
and lightweight. Basic motor has speed 
| of 900 rpm, at 6 volts d.c.; wide range 
of output speeds is offered with stand- 
ard gear trains, and motor may be built 
to operate on de. as high as 115 volts. 
“5148 and 5149 Series” automatic reset 
timers utilize maker’s “9800 series d-c. 
motors coupled to magnetically-operated 
clutch. They are said to give almost in- 
stantaneous resetting; are recommend- 
ed for either time delay or interval tim- 
ing by connecting load to proper side of 
double-throw switch. Clutch action is 
claimed to be positive. Totally-enclosed 
switch is rated at 10 amps, 28 volts d.c.; 
increased amperage is obtainable with 
decreased voltage ratings. “Series 5148” 
timer is non-adjustable; can be fur- 
nished with wide choice of time delays 
or intervals. “Series 5149” is adjustable 
over wide range of timing intervals. 
Both series are subject to inherent vari- 
ations in timing due to effect of changes 
in voltage and temperature. — Haydon 
Mfg. Co., Inc., Torrington, Conn. 


Mention No. 428 when filling out card 


Torque Measurement Stands 


Two new models of “Trutorq” beam 
stands, “Model SDB-10,” and “Model 
SDB-50” provide complete range of 


* 


torque measurements from 0 to 50 inch- 
ounces up to 25 foot-pounds. “Model 
SDB-10” has range of 0 to 50 inch- 
ounces, calibrated in increments of 0.5 
inch-ounce; “Model SDB-50” covers 
‘rom 0 to 50 foot-pounds in increments 
f 0.25 or 0.5 foot-pounds. All models 
.ve ball-bearing beam fulcrum and are 


lenluny, 


FOR A PERFECT RECORD 














... by the world’s largest manufacturer of recording galvanometers. 
Nite alia am -Lecolcellale ME @liell llole ide] oliMaclelitialire| 


@ The famous Century pencil-type galvanometers, 4 to 28 hermetically 


sealed elements — wide selection of natural frequencies to 5,000 
cycles per second — high factors of sensitivity and balance. 
Governor controlled paper drive motor adjustable 20% fixed 
speed — gear shift transmissions with automatic lamp intensity de- 
vice. 

McTulel-ieehitigcMmeelulsl-tartelicve Melilla MR fold Meme it idalelce (Moll Miu oleriiare 
sharply defined .01 second lines with heavy .1 second lines. 
Daylight loading 200 ft. storage and takeup magazines — accom- 
modate 2” to 8” paper widths. 

Available with following optional features: 

Paper speeds to 50 inches per second — Automatic record length 
loli ice] Meow UL elute lime -ceelce Mal iilol-lalile oem 2-1-1 oC (ae lalallile Beem mele) be 
age_ indicator — Trace _ identification — Remote control — 12-volt 
d.c., 24-volt d.c., or 110-volt a.c. operation. 


Write for Catalog No. 101—A, descriptive of this 
and other models of Oscillographs. 


¢ — 
ANOT nl Gil rroouct 


“wae 


CENTURY GEOPHYSICAL CORP. 
TULSA, OKLAHOMA 


NEW YORK HOUSTON 
149 Broadway Niels-Esperson Building 
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MICROSCOPIC 


INSPECTION 


NTS PROVIDE 


TT.) ine © 


100% microscopic inspection is 
given pivots, jeweled bearings, hair- 
springs and other materials, of mi- 
nute size, which cannot be inspect- 
ed by ordinary methods. All ranges 
AC and DC available in rectangular 
or round case styles and are guar- 
anteed for one year against defects 
in workmanship or materials. Refer 
inquiries to Dept. H49. 





High precision OPTICAL PARTS 
for Research, Development 
or Production. 
~ 
PARABOLIC or SPHERICAL 
Mirrors. 

* 

LENSES, PRISMS or related 
components for your 
visual, photographic 
or electronic 
requirements. 

7 
Natural or Synthetic 
CRYSTAL OPTICS 
Lithium fluoride, sodium 
chloride, potassium bromide. 
Fused or natural quartz 
elements. 
* 
Vacuum Coating of 
Optical Parts. 


John Unertl Optical Co. 


8551-8555 East Street 
Pittsburgh 14, Penna. 





When battery 
specifications 


ments are most exacting, 
engineers insist on 
BURGESS. The 
wide range of uni- 
form, high quality 


electronic applica- 
tions 
only at Burgess, 
and is the result of 
over thirty years of 
patient dry battery 
research by engi- 
neering experts. 





No. 4FH. Delivers i 
volts for popular indus. 
trial applications. 

BURGESS Engineering Service Free 


for free “Check Sheet’’ 
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i) 6 and performance require- | 


dry batteries for | 


is available | 


Burgess Services—Design, Engineering, Production—are | 
at your disposal to provide the battery you need! Send | 
to outline your requirements! | 


accurate to the fraction of unit 
urement for each model. Fac 
ment is individually calibrated 
models are also made for measy 
up to 150 foot-pounds; specia] 
for tools can also be furnish: 
draulics Engineering, Inc., Nex 
Conn. 
Mention No. 429 when _— 0 


Radiation Survey i, 
New “Model 102” Gei iger count 
mits measurement of low-ener; 
particles and alpha particles as 


gamma and x-rays. Unit contains thi, 
end mica window counter with 1.5 mg 
per sq. cm. window which enables it t 
detect Carbon 14 and other radio-activ: 
tracers. Tube is self-quenching wit) 
Geiger threshold at 825 plus-or-minu 
25 volts and 200 volt plateau. Tubs 
mounted inside specially-designed prob r 
which enables instrument to distinguis! 
between alpha, beta, and gamma radia 
tions. Assembly and weatherproof cab| 
is mounted on box 5.25 x 6.5 x 4.5 in 
and weighs about 7 Ibs. — Precision 
Radiation Instruments, Inc., 1101 N 
Paulina St., Chicago 22, Ill. 


Mention No. 430 when filling out card 





Melting-point Apparatus 
New “Vanderkamp Melt-Pointer” f 


determining melting points of chemicals, 


waxes, fats, etc., has solid copper bloc! 


with three holes that fit over thre 
50-watt, 110 volt cartridge-type heat- 
ers. Heaters project from brass bas 
and instrument is used with variab! 
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transformer, thermometer and capil- 
iaries to heat and observe exact melting 
F point. Samples are illuminated from 
| below and capillaries are observed 
S through adjustable magnifying lens. 
Range is up to 400 deg. C. No liquids 


yr stirring are required and block can | 


be removed for rapid cooling.—Scienti- 
| ic Glass Apparatus Co., 49 Ackerman 
| <4, Bloomfield, N. J. 
Mention No. 431 when filling out card 


Interval Timer 
New “Type IG” interval timer, for 
| use when electrical equipment is to be 
manually turned on, run for a pre-set 
/ time and stopped automatically, oper- 
' ates one or two s-p.d-t. switches and 
| returns to original position at end of 





pre-determined time interval. Timers, 


without external housings, are especial- 
| ly made for built-in applications in mi- 
crofilming equipment, therapeutic ma- 
chines, extractors, ovens, etc. Self-start- 
ing synchronous motor operates en- 
| closed dust-tight snap switch through 
acam and actuating arm. Manual set- 
ting of pointer closes motor circuit and 
starts timing. Friction clutch in motor 
gear train permits shutting off timer 
| or extending timing cycle manually dur- 
ing operation. “Hold position,” optional 


on two-pole “Model IG2,” permits turn- | 


ing on load circuit without starting tim- 
ing cycle. Eleven time ranges: from 15 


| sees. to 24 hours. Unit is available for | 


voltages from 6 to 230 volts.—The R. 
W. Cramer Co., Centerbrook, Conn. 


Mention No. 432 when filling out card 





Bearing Temperature Alarm 
System 


New bearing temperature alarm is 
an electronic resistance thermometer 
system which actuates signal lights or 
an audible alarm or both. Resistance- 
thermometer bulbs are Weiller vibra- 
ton-proof fused-in-glass type (see our 
May 48 issue, p. 417; Sept. ’48, p. 806, 
Jan. ’49, p. 43). They are corrosion- 
proof. Neither oil nor water. will attack 
them. In order to obtain intimate con- 
tact with babbit or bronze bushing or 
lining, and to prevent heat transmission 


delays which make an alarm system un- | 
certain, wound part of unit is less than | 


0.25 im. long and imbedded in a solid 
copper slug 0.320 in. in diameter; metal 
in direct contact with glass and all 
‘ spaces have been eliminated. Thus, 


POSITIVE 
FLUX 
UNIFORMITY 


Over 100,000 


Types and Sizes Available 





Handafl for Industry 


Kester Flux-Core Solders 
are made with a single 





core in several core sizes 
ranging from an opening 
that contains 12 of 1% to 7% 
of flux by weight. These core sizes 
are available in each of 68 
strand sizes. Use of the correct 
size assures you of 

absolute soldering control. 
Consult our Technical Depart- 
ment on any soldering problem. 


FREE: Kester’s New Technical Manual 


“SOLDER and Soldering Technique.” A 
complete analysis of the properties and 
application of soft solder alloys and sol- 
dering fluxes. Get your copy now. 


KESTER SOLDER COMPANY 


4201 Wrightwood Avenue, Chicago 39, Illinois 


Factories Also at 
Newark, New Jersey * Brantford, Canada 













LABORATORY. 
CONTROLLED 












KESTER 
SOLDER 
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“TROUBLE 


TRIER GEM 


FREE” 


SELF-OPERATING REGULATORS 
and DIAL THERMOMETERS 


Constant Temperature Regulation 


By * HOT WATER TANKS © PASTEURIZERS + PRE-HEATERS 
* STORAGE ROOMS ¢ VATS « PLATING TANKS 
* COOKERS ¢ FEED WATER HEATERS « WATER JACKETS 


AIR OPERATED 


INDUSTRIAL 
SITHERMOMETERS 


I 


ENGRAVED 


RECORDING 
THERMOMETERS 


THERMOMETERS 


en ee 


CONTROLLERS 


PRESSURE GAUGES 


CO. SINCE 1923 


1428 W. LAFAYETTE BLVD. + DETROIT 160, MICHIGAN 


14 BRANCH SALES OFFICES 


REPRESENTATIVES IN ALL PRINCIPAL CITIES 








ALL-IN-ONE 


POWER SUPPLY 
for quickly checking 


INSTRUMENTS 


Has vernier control for fine adjust- 


ment. 


Supplies a-c. and d-c. power from 
two circuits separately controlled 
and isolated. 


® Ranges to suit your needs. 
® Portable and bench types. 
Write for folder 


_ARTHUR E. BOOTH CO. 


307 E. Third St. Los Angeles 13, Calif. 
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HELLIGE 


TURBIDIMETER 


A TURBIDIMETER 
WITHOUT STANDARDS 





Accurate + Foolproof + Universal 


WRITE FOR CATALOG No. 8000 


HELLIGE 


INCORPORATEDO 
3718 WORTHERN BLVD. LONG ISLAND CITY 1, N.Y. 


there is a fully solid path fo; 

wire to outside. Copper slug 
duced through a suitable 

body of bearing and can b 
against lining by a gland and 

In babbitt bearings, slug can | 
when lining is cast. Mountin; 
vary with construction of bear 

has two or three leads, depe: 
type of instrument associated 

Up to thirty bulbs can be 
with a single alarm. Cycling § 
To operate a light signal alarn 
number of thermometer units, lat: 
connected in sequence with alan 
When one signal light is on, in 
danger in one particular bea 
stays on after switch passes on 
unit; it goes out only when thi 
ing’s temperature drops agai 
danger point. This is accomplish: 
operating each light with a latc!} 
lay; rotary switch unit of two-pol: 
ety. (A stepping relay of tek 
switchboard type indexed by a 1 
driven cam switch serves this pu 
well). Switch unit operates conti: 
ly, stepping ahead every two se: 
During each two-second interval. 
unit is connected to alarm. If b: 
is too hot, control closes a latching 
which stays closed when switch 
to next position and signal remains 
as alarm output relay is connected 
d-t. If bearing temperature has 
ped again when switch passes 
same contact, release coil of latc 
relay is energized; relay drops out 
signal goes out. Control can be a sta) 
ard “Resireg” electronic temperatur 
control with fixed temperature setting: 
power relay omitted.—Paul G. Weill: 
95 Broad St., New York 4, N. Y. 


Ultrasonic Generator 


New “Type CL” (clinical-laboratory) 
ultrasonic generator has special con- 
vertible transducer for transmitting 
high-frequency vibrations to skin of pa- 
tient, or to specimen of materia] unde: 
treatment. Transducer is connected t 


generating unit by a coaxial cable car- 
rying less than 100 volts h-f. current 
Base of transducer comprises a trans- 
parent Lucite tube, surrounded by 

ring (containing primary winding) 
from which projects a handle, with con- 
necting cable. Inside this tube is sec- 
ondary winding. Crystal is mounted 
above secondary coil upon nylon rods, 
between Bakelite and glass disks. Tube 
is closed by a cap containing a Bake- 
lite diaphragm 0.01-in. thick, mechani- 
cally connected with vibrating crysta 
by oil which fills entire assembly. This 
diaphragm, placed against skin or spec 
men, effectively transmits ultraso! 

vibrations, generated by the crystal, 
which is 1.5 in. in diameter and from 
approx. 0.12 to 0.25 in. thick, depending 
upon frequency desired. A second Lucité 
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tube may be screwed to top of base 

assembly and filled with oil into which 

| , test tube or other vessel containing 
either solid or liquid material to be 
treated may be immersed. This feature 
of convertibility makes equipment suit- 
able for clinical or laboratory work. 
Generating unit operates from standard 
115-volt 60-cycle supply, uses full-wave 
rectification with adequate filtering. 
Self-excited oscillator is coupled to crys- 
tal cireuit and is frequency-controlled 
by it. Thus, oscillator frequency is pre- 
vented from drifting out of phase with 
natural period of crystal, assuring con- 
stant and maximum energy delivery. 
Power contro! is adjustable, and is 
measured in crystal circuit. Standard 
frequency of generator is 450 kc., with 
alternate crystal and coil available for 
quick conversion to 900 ke. (Other fre- 
quencies available on special order) .— 
Ultrasonic Engineering Co., Dept. 30, 
Main St., and Eighth Ave., Maywood, 
Il. 


Mention No. 434 when filling out card 





Strip-Type Shockproof 
Thermostat 


New housed strip-type thermostat is 
shockproof in that all live metal parts 
are shielded and provided with nickel 





stranded Fiberglas-insulated lead wire. 
Thermal responding element is insu- 
lated from switch and carries no cur- 
rent. Other parts are made of heat- 
resisting alloy metals, mica insulated 
throughout. Unit is provided with 
heavy-duty heat-dissipating electrolytic 
| silver contacts. Maximum operating 

temperature 650F. Self-locking adjust- 
ment screw provides more positive 
closer and quicker adjustment. Can 
also be supplied with heat-range limit 
adjustment shaft. Rated at 1500 watts, 
115-230 volts a.c. Weight, 2 oz.—The 
George Ulanet Co., 416 Market St.., 
Newark 5, N. J. 


Mention No. 435 when filling out card 





Noise and Vibration Measuring 
System 


New “Sono-Probe” noise and vibra- 
tion instrument has one large illumin- 
ated scale and is particularly recom- 
mended for use by production workers 
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This Safety Valve Innovation Has 
[MVinat=tem laelOi0 7 Up5)D¢ Down! 
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IN-RES-CO 
RESISTORS 


TOLERANCE TO © 0.1% 


HERMETIC SEALED TYPES 


ALL TYPES OF MOUNTING | 














INRESCO Resistors are a product of high- 
speed winding techniques that introduce a 
new measure of economy in precision wire 
wound resistors. 


They are available for IMMEDIATE DE- 
LIVERY, in diversified types that meet 
practically every circuit requirement of 
load, ohmic value, size, shape, and operat- 
ing condition. 





When planning a new circuit design, inves- 
tigate the advantage of INRESCO resistors 
for economy, dependability and perma- 
nently fixed characteristics. For complete 
details, call or write today for your copy of 
the INRESCO catalog. 

Manufacturers and designers of wire 

wound resistors —exciusively. Estimates on 

custom built resistors furnished. 





A) INSTRUMENT RESISTORS COMPANY 
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1000 
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Thermocouple Meters 


No Wave Form Errors——R.M.S. 
Readings % of 1% 


SINGLE RANGES 


MULTIPLE RANGE INSTRUMENTS with 


“tor switches 


shea + raer 


RAWSON 
INSTRUMENT COMPANY 


212 Potter Street 


Chicago 


RAWSON 





Accuracy 


from | ma full scale 
scale. Good from DC 
es and higher 


amperes full 


eqgacy 


Any practical combi- 
f voltage irrent ranges fur- 
mple 1.5-5-15-50-150-1500 volts at 
DC to 10 KC. 


SON THERMAL MULTIMETERS 
"ges on one meter—I0 ma to 3 
300 mv to 1000 volts. 


yh per volt 


Write for New Bulletin 502 


ELECTRICAL 


Cambridge, Mass. 


Representatives 
Los Angeles 
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UNION NEW JERSEY 


GF oe ee oe ee ee ee 2 


: THIS FEATHERWEIGHT WILL 3% 






ee so ee 


THE NEW 






GANTAM 


-==MODEL 30H, 


Weight—S'/, Ounces + Watts— 4 


# 40 or 60 * Tip Dia.—Both 1/,” and ¥,” Tips 


: Furnished with Each tron * Price— $4500 “ 


i So light its weight is hardly noticeable. Out- Hi] 
£ performs any iron of equal size. Hatchet de- a 
sign makes it more comfortable and practical 
to use than a pencil iron. No transformer re- 
| quired. Write for complete catalog. 


® HEXACON ELECTRIC Co.! 


179 WEST CLAY AVE., ROSELLE PARK, N. J. 











HEXACON. 





| as a “go-no-go”’ device in testing 


ranging from watches to larg 
ings. Instrument includes cont: 
crophone sensitive to vibration of 
tip, and three stage amplifier, y 
up to 90 db. Probe has freque: 
sponse of 100 to 20,000 eps. a: 
plifier response is plus or minu: 
from 60 to 20,000 cps. Headpho: 
provided for audible checks, als, 
for oscilloscope studies. { 


| Electronics Associates, 1031 Nex 


ain Ave., Hartford 10, Conn. 
Mention No. 436 when filling our 
A-c.-powered Timer 
New “Minitrol” is a 60-minut: 


| timer suitable for timing photog 
| processes, 


x-ray and physioth 


& 
a 
a 
f 





treatments, laboratory techniques, plas 
tic molding, process timing, etc. Syn 
chronous movement and_ continuous 
electric alarm buzzer are built by Tele 
chron Inc. Complete unit fits comfort 
ably into one hand. Available in red, 
green or ivory, complete with 6-foot 
plug-in-cord.—Wil-Mar Company, Bor 
1, Natick, Mass. 
Mention No. 437 when filling out card 





Constant Temperature and 
Humidity Cabinet 

New “Aire-Regulator” cabinet pe 
mits holding constant temperatures i1 
range between room temperature and 
140F. and humidity from 30 to 98 per 
cent. Operation is automatic and needs 
little attention from operator. Tempe 
ature is held within 1 deg. F.; humidity 
1 deg. F. wet-bulb.—Food Technology, 
Inc., at 5903 Northwest Highway, Ch 
cago 31, Jil. 

Mention No. 438 when filling out card 


Terminal Connectors 
New “RTC” series of connectors fo! 
quick disconnects on electrical installa 
tions feature low separation force; sim 
plicity of mounting on chassis; mois 
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ture-drain holes in receptable section; 
isions in plug section for lacing 


yrovV : 
cl wires to plug after soldering to 
contacts; two types of terminals— 
crimp-on and soldered. Plug shells are 


phenolic. Five sizes have contacts for 
18 and 20-wire; 12 to 36 contact com- 
pinations. Mechanical spacing is 0.094 
in.; minimum flashover of 2500 volts 
and recommended amperage of 5 amps. 
— Cannon Electric Development Co., 
3909 Humboldt St., Los Angeles 31, 


Calif. S: 
Mention No. 439 when filling out card 





Fixed-frequency FM Tuners 

Three new fixed-frequency FM 
tuners for use in 88-108-Mc. band are 
erystal-controlled; are adapted to relay 
reception, monitoring, etc. “Model RP- 
93” ig a straightforward FM Tuner 
using Armstrong circuit with dual lim- 





iters. Signal input for 20 db quieting 
is 10 microvolts with response within 1 
db from 30 cycles to 17 ke. Audio stage 
provides 1 volt RMS output with quiet- 
ing signal. Antenna input is 72 or 300 
ohms. “Model RP-24” consists of same 
tuner plus relay circuits which operate 
on tones of from 15 to 20 ke. received 
from transmitter and which select in 
sequence two preset audio volume levels 
which may be manually adjusted from 
zero to full output. “Model RP-25” ( il- 
lustrated) utilizes same tuner but has 
two relay circuits permitting audio level 
selection as in “RP-24” and also permits 
turning audio “on” or “off” as required. 
Relay operations are controlled by 
transmitted tones of different frequency 
and are, therefore, independent. In 
“RP-24” and “RP-25,” relay circuits are 
preset to operate at 15, 17.5 or 20 kce..as 
specified by customer.—Browning Lab- 
oratories, Inc., Winchester, Mass. 
Mention No. 440 when filling out card 





Heating Jackets With 


Safety Thermostats 


New line of “Gyco Heating Jackets” 
features addition of a small thermostat 
in circuit within insulation. This ther- 
mostat, permanently sealed against va- 
pors or moisture, automatically opens 
cireuit when jacket temperature reach- 





$1,500 inventory abolished — 
at a cost of $4.46! 





@ 














With more than 700 vacuum tubes needed by industry, a tube distributor would find 


profits consumed by 100% inventories. But by ordering tubes as needed via Air 
Express, he holds stocks to 25%. Example: Orders $1,500 tube at 9 a.m. from sup- 
plier 900 miles away. Delivered to customer 6 P.M. same day. 16 |bs.: cost, $4.46. 





tection, because you get a receipt for 
every shipment. Air Express is the 
world’s fastest shipping service. 





Your Air Express shipments go by the 
Scheduled Airlines direct to over 1,000 
airport cities; fastest air-rail for 22,000 
off-airline offices. Shipments keep 
moving with ’round-the-clock service. 


FACTS on low Air Express rates 


19 tbs. of machine parts goes 600 miles for $3.54. 
9-lb. carton of new styles goes 1400 miles for $3.99. 
(Every kind of business finds Air Express pays.) 


Only Air Express g:ves you all these advantages: Special pick-up and de- 
livery at no extra cost. You get a receipt for every shipment and delivery is 
proved by signature of consignee. One-carrier responsibility. Assured 

rotection, too—valuation coverage up to $50 without extra charge. 


ractically no limitation on size or weight. For fast shippin 
phone Air Express Division, Railway 
‘ 


Air Express delivery’”’ on orders. 


SPE yj 





am, 


action, 
specify 


ZSS 


GETS THERE /IRST 


ixpress Agency. An 





Rates include special pick-up and delivery 
door to door in principal towns and cities 








AIR EXPRESS, A SERVICE OF RAILWAY EXPRESS AGENCY AND THE 


SCHEDULED AIRLINES of THE u.s. 
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WITH precision accuracy and matchless dependability our “glass- 
masters” are prepared to fabricate any specific glass apparatus 
requirement for the instrument industry. We are actively engaged in 
the manufacture of scientific glassware, and are equipped to supply your 
“tailor-made” needs swiftly, efficiently and at low cost. 


Write Now! 











AMTHOR Dead Weight 


Pressure Gauge TESTER 
Type 452 





Modern design and construction puts 
this rugged precision instrument in 
a grade above the ordinary dead- 
weight testers, 


Made in ten ranges, to 5000 Ibs. 
maximum. 


We guarantee 1/10 of 1 percent ac- 
curacy in each range. 


The Type 452 is designed for sim- 
plicity and compactness. It incorpo- 
rates the newest refinements and 
improvements. Adapters and tools 
are supplied, as well as either car- 
rying case or protecting cover. 
Immediate and intelligent at- 
tention will be given to your 
inquiries on all industrial 
speed measurement problems. 


Drop us a line today. 


Amthor Testing Instrument Co., Inc. 
49a Van Sinderen Ave. Brooklyn, N. Y. 








INSTRUMENTS 
ALL IN OWE 


8 PYRO 





hi 


at 
| at] 
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The NEW PYRO Surface Pyrometer handles 
all surface temperature measuring jobs. Has 8 
types of thermocouples; all interchangeable 
in seconds with no recalibration or adjust- 
ment. Automatic cold end compensator, 
shock, moisture, and dustproof. Accurate, 
big 4%” indicator. Available in 5 tempera- 
ture ranges. Get FREE Catalogue #160. 


BETTER TEMPERATURE CONTROL 
FOR NON-FERROUS FOUNDRIES 


The PYRO Immersion Pyrometer is shock, 
moisture, and dustproof, immune to magnet- 
ie influences. Shielded steel housing. Instant- 
ly interchangeable bare metal and protected 
type thermocouples without adjustment or 
recalibration. Large 4” scale. Equipped with 
exclusive Lock Swivel. Ranges 0-1500 and 
0-2500 F. Get Free Catalog #150. 


THE PYROMETER INSTRUMENT CO. 


New Plant and Laboratory 
BERGENFIELD 4, NEW JERSEY 


_ 


Manufacturers of 


PYRO Optical, Radiation Immersion and 
Surface Pyrometers for over 25 years 
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es approx. 370C., thereby pre: 

thermal strain on heated vessel]. | ¢, 
heating elements is greatly pro 
since they always operate at 

level well below glow point. Ne 
ets retain other features desc; 
detail in our Jan. ’47 issue, pages 79 
—Scientific Glass Apparatus Co. |, 


Bloomfield, N. J. 


Mention No. 441 when filling our . ard 


ack 
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( 





Flame Failure Safegua: 


New ‘“Fireye System 


matic and manually ignited ind 





oil burners, includes photoelectric sea) 
ner “Type 45PH5” and control “Type 
24QJ5.” Scanner has phototube and 
vacuum tube amplifier housed in dust. 
tight aluminum case; is mounted on the 
burner mounting plate. When flame 
fails “Fireye” instantly signals contro! 
which cuts off fuel supply and sounds 
alarm. Control consists of two relays 
and power transformer housed in dust- 
tight steel-case, includes safety start 
circuit which prevents burner from cy- 
cling if flame is detected or simulated 
prior to ignition.—Combustion Control 
Corp, 77 Broadway, Cambridge 42, 
Mass. 


Mention No. 442 when filling out card 





Temperature Controller 


New “Model 600 Temcometer,’’ like 
previous models, is a stepless input con- 
troller for use in regulating temper 





atures of electrically-heated furnaces, 
pots, etc., but is designed for through- 
panel mounting; is 3.5 in. in diameter 
and extends 4 in. behind mounting 
panel. Dial is graduated in percent time 
“on” and stepless regulation between 
5 and 100 percent is provided. Instru- 
ment maintains constant watt-hour 1n- 
put and even temperature in connected 
equipment, regardless of fluctuations !! 
line voltage. For loads over 6 amperes, 
115 volts, or 3 amperes, 230 volts, 1n- 
strument is to be connected to a rela) 
of proper capacity for load.—Therm 
Electric Mfg. Co., 496 W. Locust 5t 
Dubuque, Towa. 


Mention No. 443 when filling out card 
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flame failure protection of semi-ayto. 
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PLUG-IN 23 
COMPONENTS ‘gi 


GIVE NEW VERSATILITY TO 


“Bendix -Pacific 


In the Bendix-Pacific Telemetering 
Systems each sub-carrier oscillator unit now 
is readily plugged into or removed from a 
unitized telemetering case of standard dimen- 
sions, This exclusive feature, which combines 
even smaller components than heretofore 
used, provides extreme flexibility in the 
selection of functions and greatly facilitates 
field maintenance of the system. These plug- 
in connectors entirely eliminate all need for 
use of schematics or soldering leads, yet they 
will withstand the extremes of acceleration 
and vibration. 


Bendix-Pacific units operate on telemetering 
bands of 80-84 mc and 210-220 mc, or intelli- 
gence can be transmitted by the use of a single 
land line circuit. They are for use in guided 
missiles, experimental aircraft and for indus- 
trial applications where conventional 
methods of measurement are impractical. In 
addition to the manufacture of precision com- 

nents for the remote instrumentation field, 

ndix - Pacific facilities include installation 
and application engineering, field operation, 
data reduction and engineering consultation. 


Details gladly furnished to qualified companies. 


4a) dia 


Pomp, 
“Pa cifs c Division 


— 
Aviat 


Fy 






o 
endix n Corporation 


YWOOD, CALIFORNIA 


1O MEASURE -TO INDICATE -TO WARN - AT A DISTANCE 
East Coast Office—475 Fifth Ave., N. Y. 17 


STandaeds 


U.H.F. STANDARD SIGNAL 
GENERATOR MODEL 84 


SPECIFICATIONS 
CARRIER FREQUENCY: 300 to 1000 megacycles. 
OUTPUT VOLTAGE: 0.1 to 100,000 microvolts. 
OUTPUT IMPEDANCE: 50 ohms. 


MODULATION: SINEWAVE: 0— 30%, 400, 1000 or 2500 
cycles. PULSE : Repetition—60 to 100,000 cycles. Width— 
1 to 50 microseconds. Delay—0O to 50 microseconds. Sync. 
input—amplifier and control. Sync. output—either polarity, 
DIMENSIONS: Width 26”, Height 12”, Depth 10”. 


WEIGHT: 125 pounds including external line voltage regulator. 


= 











MEASUREMENTS CORPORATION 


BOONTON + NEW JERSEY 








HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 41 years. 


In general use 


for specification 
purposes. Sim- 
ple, sturdy. 


Comparatively 


inexpensive. 


s 
Illustrated 
bulletins 


free 


The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Ave., Jamaica 2, N. Y. 





— MICO— 


2 & 3-DIMENSIONAL 


ENGRAVER 


wen. 


i 








Permits accurate reproduction of 
three-dimensional master on any of 
four reduction ratios. 


Catalogue on request 


MICO INSTRUMENT CO. 


86A TROWBRIDGE STREET 
CAMBRIDGE, MASS. 
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INSTRUMENTS 


ON THE 


Porcelain Enamel 


WASHINGTON, D. C. Porcelain 
enamel] must adhere well to the base 
metal in order to perform satisfactorily 
in service, The degree of adherence has 
long been considered an important cri- 
terion of the quality of an enamel 
ground coat. An instrument by which 
this property may be evaluated through 
a simple measurement has been de- 
signed by Allen C. Francisco, Research 
Associate of the Porcelain Enamel In- 
stitute at the National Bureau of Stand- 
ards. The apparatus, designed to meas- 
ure enamel-to-metal adherence electri- 
cally, promises to replace the visual es- 
timate method now commonly used and 
appears adaptable to other types of non- 
plastic coatings. 





The evaluation of adherence is usual- 
ly made by a visual estimate of the 
amount of bare metal exposed within a 
given area on an enameled metal speci- 
men after it has been deformed in a 
specified manner. The deformation is ef- 
fected by placing the specimen over a 
circular die and applying force to a 
spherical head centered over the die. 
The elastic limit of the base metal is 
exceeded and a permanent depression 
of predetermined dimensions is formed 
in the specimen. The estimated amount 
of bare metal, expressed as a percentage 
of the test area, is used to place the 


MARCH 


Adherence Tester 


enamel in one of several broad classifi- 
cations. 

Normally, a porcelain enamel coating 
is an electrical insulator. The basic 
principle of the new instrument depends 
on the completion of en electric circuit 
through the metal of the deformed speci- 
men to a steel probe touching the test 
area. By using a large number of 
probes, and counting the number which 
conduct a current during the test, the 
area which has been exposed can be 
measured. , 

The instrument consists of a stand, 
test head and control cabinet. For use 
on large, flat areas, the stand may be 
placed on the specimen and the head 
lowered to make contact with the sur- 
face on which the stand is placed. 

The test head comprises a plastic 
block with 169 holes arranged in a hex- 
agonal close-packed pattern (distance 
between centers 0.1 inch). Each hole is 
fitted with a probe-bearing assembly 
which is free to move vertically against 
a beryllium copper spring. This spring 
makes an electrical contact between the 
probe assembly and a wire connected to 
an individual segment of the selector 
switch located in the contro] cabinet. 

The steel probes can be lowered onto 
slightly different locations of the same 
test deformation by pivoting the plastic 
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block from one to another of f 
positions spaced 7.5 degrees apa 
the pivot of the test head is lo, 
centrically with respect to 
deformation, the center of 
is different from that of the c 
circles of enamel and bare m 
erally found on the deformed 
this way the possibility of 
probe following the same circu 
ture is minimized, and the 
count for the five positions 
the precision of the measurem¢ 

The control cabinet contains 
supply, relay, selector switch, a 
netic counter. A synchronou 
drives the selector switch, and 
cuit through each probe is test: 
vidually as the arm rotates. 7 test 
cycle, started manually, is stopp« 
matically after the last circuit is tested 
For each needle which touch« 
metal, the relay actuates the count 

The number recorded on the te 
may be used for direct compa1 
two specimens or, if desired, the « Si 
and coated portions of the test are; 
may be readily computed, { 
coated fraction used as an index 
herence. 


Gage Lab. at Stanford 


Research Institute 
(Special report for Instruments) 
STANFORD, Calif.—The only wes 
ern Precision Gage Laboratory north 
of Los Angeles, and one of two in the 
entire West Coast region, began opera- 
tion on February 24 at Stanford Re 
search Institute, according to an an- 
nouncement by Dr. J. E. Hobson, 
ective director of the Insitute, which 
is a non-profit applied research organ- 

ization. 

The facilities, which include a quar- 
ter of a million dollars’ worth of high- 
precision instruments, are to be made 
available to industrial firms, college sci- 
ence sections, and individuals. In mak- 
ing the announcement, Dr. Hobson said: 
“The convenient calibration of precision 
measuring standards, instruments, and 
manufactured components is one of the 
vital necessities of any industrial area. 
We consider ourselves most fortunate 
in having obtained all of the instruments 
needed for general industrial and re- 
search purposes.” He pointed out that 
the facilities of the laboratory are 
unique in the Northern California re- 
gion, and that they are non-existent 
in Oregon, Washington, Idaho, Wyo- 
ming, Montana, Nevada, and Utah. 

Most of the equipment is under con- 
tract from the Army Ordnance Depart- 
ment, which closed its San Francisco 
district gage laboratories several years 
ago. Nominal fees will be charged for 
use of the equipment, on a cost-incurred 
basis. Lt. Col. J. G. Shinkle has indi- 
cated that the San Francisco District 
will continue to use the equipment. He 
also pointed to the advantage of a cen- 
trally-located laboratory here which will 


make it unnecessary to send industrial 
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PROVES CONSTANT COEFFICIENT . 
U 
OVER 8:1 RANGE OF DISCHARGE 0.4 ——- 
e ee a 
Now! The new Bethlehem Flow Tube—for large savings in —+— 
power - -- higher product quality . - - large installation as Qk, Vb 
savings— offers proof positive of consistent accuracy: 

In calibration tests conducted by an independent hy- pithy 
draulic laboratory —one of the foremost in the country— 040.6 10 1520 
the Bethlehem Flow Tube held its high accuracy to the — 
limit of the testing apparatus. Discharge plotted against og Plo 
head proved that differential head is in all cases propor 
tional to 4 constant powet of velocity - - - that discharge 

coefficient is constant over a7 8:1 range of discharge. 

Add to this: one pipe diameter length . - - negligible 

resistance to flow in most installations - - - minimum straight 

run limitations after elbows and similar fittings - - - meas- 

urement of gases without consideration of compressibility 

factors an the Bethlehem ow ‘Tube becomes 4m out- 

standing improvement wherever it is necessary to measure 

or control fluid flow 
Find out the details of its revolutionary operation now! 
Write for the tolder, “Bethlehem Flow Tu e.” 
4 4 io 
‘ hal 
é ¥ ow He ' 


THERMOCOUPLE 
EXTENSION 
LEAD WIRE 


There are two good reasons why we stress 
Gordon Quality and Gordon Service. (1) 
The precision quality of Gordon Thermocou- 
ple Extension Lead Wire is based upon 32 
years of experience in careful selection and 
inspection to meet rigid insulation require- 
ments. (2) Gordon's Chicago and Cleve- 
land plants carry complete stocks of Ther- 
mocouple Extension Lead Wire for practi- 
cally every application. (See illustrations 
below.) This means that your order gets im- 
mediate delivery of a QUALITY product— 
one that meets Bureau of Standards Specifi- 
cations. ORDER NOW! No waiting or de- 
lay. Prices available upon request. 


Rasa ina SPOS I et a 
Sen. ee ao ee 
CHROMEL-ALUMEL, Cot. No.1231(3-A),14 ga., STRANDED. 
DUPLEX, each wire felted asbestos, Asbestos-yorn braid 
overall 


FOR PLATINUM THERMOCOUPLES, Cat. No. 1225, 16 ga., 
STRANDED-DUPLEX, each wire felted osbestos, Asbestos- 
yorn braid overall 


CHROMEL-ALUMEL, Cat. No. 1234, 14 ga., SOLID-DU- 
PLEX, each wire enamel, felted asbestos, Asbestos-yorn 
broid overall 


IRON-CONSTANTAN, Cot. No. 1236-C, 14 ga., STRAND- 
ED-DUPLEX, each wire felted asbestos, Asbestos-yarn 
braid overall 











COPPER-CONSTANTAN, Cot. No, 1235-A, 14 ga., SOLID- 
DUPLEX, each wire cotton, rubber, weatherproof braid, 


lead sheoth overall 
ervey. 
< ON 
>< SERVICE.>: 


CLAUD S. GORDON CO. 


Specialists for 32 Years in the Heat Treating and 
Temperature Control Field 

Dept, 21 * 3000 South Wallace St., Chicago 16, ill. | 

Dept. 21 + 7016 Euclid Avenue + Cleveland 3, Ohio| 
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Electrolimit Comparator shows that the plug gage 
| being tested is 0.0003 inch oversize. 


standards to the East for 
checking. 
The laboratory contains an Electro- 


limit comparator, used with gage blocks 


periodic 


| to check the accuracy of industrial 


gages, fixtures, etc. Among the largest 
instruments is a Pratt & Whitney 80- 
inch standard measuring machine for 
calibrating secondary standards used in 
industry. Three _ supermicrometers, 
available for average-size work, have a 
measuring accuracy of fifty millionths 
of an inch. Two large optical compa- 


InstruMerriment 


rators magnify objects up to 10 
for checking contours and ang 
latest-model Magnaflux is used 
tecting flaws in metal. A Rockw: 
is used to determine the degre; 
ness of a material. 

Among the 2000 other items 
tical flats and their accessori, 
equipment also includes severa] 


sets of precision gage bloc 


Highly specialized glass blowers at Stanford Re 
search Institute make instruments needed by th: 
staff members of the various departments 
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By K. E. Burmaster, Carbide & Carbon Chemicals Corp., Oak Ridge, Tenn. 
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Richland Instrument Men 


To the Editor of Instruments: 

At a recent meeting of the Richland 
| Section of 1.S.A. two members of the 
| group, A. W. Hildebrandt (left) and 
' C. M. Wells (right), demonstrated the 
| Ring Balance Meter through the meth- 

od shown in the accompanying photo. 

The ring, made of one-inch glass tub- 

ing, filled with No. 3 red oil, gave a 
| vivid account of the sealing fluid’s ac- 
' tion when pressure was applied to the 





| “heart” of a gage laboratory. The sets 
| at SRI include Johansson, Hoke, and 
' Van Keuren makes. They will be tested 
| for indication of wear every six months 
| by the National Bureau of Standards 


New Flow 


WASHINGTON, D. C.—A new flow 
calorimeter for more accurate measure- 
ments of the specific heats of gases has 
been developed by R. B. Scott of the 
National Bureau of Standards. This ap- 
paratus was constructed in connection 
with a program sponsored jointly by 
the Bureau and the Office of Rubber 
Reserve for the determination of the 
thermodynamic properties of materials 
involved in the production of synthetic 
rubber and related substances. The 
greater precision of the new instrument 
is chiefly due to the almost complete 
elimination of heat leaks by various 
features of design. The small heat capa- 
city of the calorimeter also results in 
improved accuracy through the easier 
and more rapid attainment of a con- 
stant temperature distribution within 
the system, since only under conditions 
of steady temperature is an accurate 
measurement possible. 

Accurate data on specific heats and 
ther thermal properties of gases are 





Show Metering Principle 


dip leg emerged in the water column at 
the right. For demonstrating purposes 
the air pressure was supplied with a 
large atomizer bulb. 

The thought occurred to us that 
others may be interested in this method 
of demonstrating this instrument. You 
have our permission to publish it in 
Instruments. 

CLARENCE J. WEICHEL, 
Publicity Committee Chairman. 


Dust-free air is held at a constant tem- 
perature of 68 degrees Fahrenheit and a 
humidity of 35 percent, most favorable 
conditions for precise gage measure- 
ments. 


Calorimeter 


of value to chemical industry, where 
they are used in calculations that pre- 
dict the results of chemical reactions. 

Specific heat is most simply obtained 
experimentally by adding a measured 
amount of heat to a fixed mass and re- 
cording the temperature rise. However, 
the heat capacity per unit volume of a 
gas is so low that small accidental heat 
leaks are often comparable in size to 
the heat used in actually raising the 
temperature of the gas. Reduction of the 
ratio of heat loss or gain to heat input 
is thus one of the chief problems of 
gas calorimetry. In the calorimeter con- 
structed at the National Bureau of 
Standards, this is accomplished by 
causing the gas to flow continuously at 
a uniform rate through an insulated 
chamber in which it is heated electri- 
cally. The heat capacity is then calcu- 
lated from the heat input, the temper- 
ature rise of the gas, and the rate of 
flow. With gas calorimeters of this gen- 
eral type, a correction is usually made 


RECORDING 
GALVANOMETERS 


For photographic recording of d.c. or 
a.c. currents with ‘‘flat frequency 
response to as high as 2500 cycles per 
Available in a wide range of 
having high 


second 
natural frequencies, all 
factors of sensitivity and dynamic bal 
ance. Their tubular hermetically sealed 
construction insures long-lived depend 
ability and ruggedness. Magnetic assem 
blies are constructed for 2, 4, 8, 12 and 


14 element mounting 


Century also offers a complete repair 


service on all types and makes of 
oscillograph galvanometers. Recent ex 
pansion of facilities makes possible im 


mediate service 


Manufactured under Century Pat. 
2439576, also licensed by Kannes- 


tine Laboratories Patent 2149442. 


CENTURY GEOPHYSICAL 
CORPORATION 


Tulsa, Oklahoma 


NEW YORK HOUSTON 
149 Broadway Niels-Esperson Bidg 


World's Largest Manufacturer of 
Geophysical and Special 
Galvanometers 
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| ae liquids boil and surge, 
and use of a coolant is un- 
desirable, the New Jerguson Large 
Chamber Gage will give you a level 
reading. 


Ordinary gages do not give suffi- 
ciently accurate readings on such 
liquids where the level fluctuates 
rapidly in the glass. With this new 
Jerguson, however, the gage cham- 
ber is of such large diameter that 
the level is not badly upset by the 
boiling action of the fluid. This 
makes it possible to get close level 
readings, the kind of readings you 
want for safety and accurate control. 


Don’t be satisfied any longer with 
gages that require you to guess at 
level readings. If liquids boil, in- 
stall Jerguson Large Chamber Gages 


and be sure. 


The Jerguson Large Chamber 
Gage is the flat glass, 

reflex type. Write for 

full information on 

this and other 
Jerguson Gages. 





COMPANY 
100 Fellsway, Somerville 45, Mass. 


Representatives in Major Cities 
Phone Listed Under JERGUSON 
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for heat leaks by making measurements 
at varying flow rates and extrapolating 
the apparent specific heats to infinite 
rate of flow, where such errors are neg- 


| ligible. In the new apparatus, however, 


special precautions have reduced heat 
leaks to such an extent that a correction 
for them is unnecessary. This advantage 
greatly lessens the number of necessary 
observations and also makes the results 
more trustworthy, since there are er- 
rors in calorimetric measurements that 
increase with increasing flow rate and 
cannot be removed by extrapolation to 
infinite flow. 


Fig. 1 is a schematic diagram of the 
new calorimeter. The gas under study 
flows continuously at a constant rate 
through an insulated compartment, 
where it is heated electrically, and the 
specific heat is computed from heat in- 
put, temperature rise of the gas, and 
rate of flow. Entering the calorimeter 
at the bottom, the gas flows upward 
through the central calorimeter tube of 
Mone! metal past a series of baffles, that 
act as radiation shields and also pro- 
mote thermal equilibrium between the 
gas and the tube walls. 


In the central part of the calorimeter 
the gas traverses a labyrinth about the 
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WHEN A FELLER NEEDS CONTROL 


By Phil Putnan 














WHAT DO YA MEAN 
WRONG — THERE’S 
TH’ STREAM, AND 
THAT’S UP AINT IT ?/ 




















ASB 
aceon a 
U 
oo DOWN uP 
ae ~~) }O TREAM STREA' 
oX © 
S00 ’ - 
VAN ———=— INN 








| IDEA BY: T. Y MULLEN 





READING, PA. 


a . 













Instruments pays $5.00 for each idea used. Sender’s name and company affiliation will 


be acknow! 


a 
zed in the cartoon unless we are 


specifically requested not to do so. 


Address Cartoon Dep't, Instruments, 1125 Wolfendale St., Pittsburgh 12, Pa. 
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designed to provide an isothermal ex- 
terior surface on this part of the calori- 
meter. The metal radiation thimble ex- 
tends this isothermal surface to a point 
very near to where the tube enters the 
copper radiation shield. Heat exchange 
hy radiation is prevented by heating 
the shield to the temperature of the 
inner calorimeter wall with an electric 
heater, adjusted manually accordiig to 
thermocouple readings. 

The rise in temperature of the gas is 
indicated by the measuring thermo- 
couple. After its temperature has been 
raised, the gas passes upward again 

past a series of baffles and out through 
ithe flow-rate control valve. The exit 
tube heater serves to establish a zero 
' temperature gradient in the upper part 
| of the tube, thus reducing heat transfer 

along the tube. 

| The entire apparatus, except for the 
| flow-rate control valve, is enclosed in 
fa highly evacuated metal case (not 
' shown) immersed in a constant-temper- 
‘ature bath. Before entering the calori- 
meter, the gas flows through a helical 
coil, in which it is brought to the tem- 
) perature of the bath. 

' The accuracy of the apparatus was 
| checked by measuring the specific heat 
| of oxygen, which had previously been 
accurately calculated at the Bureau 
from the latest spectroscopic data for 
this gas. From a consideration of the 
| data for oxygen, the probable error of 
the specific heats obtained with the 
calorimeter is estimated as 0.07 percent. 
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| TECHNICAL SOCIETIES 
ASME Spring Meeting 


The 1949 Spring Meeting of the ASMF, 
to be held May 2-4 at the Mohican Hotel, 
New London, Conn., will feature instru- 
| mentation papers including the following: 

“Heat Conduction Errors in Temperature 
Measurement” by L. E. Smith, The Bristol 
. Co. 

“The High-speed Analog Applied in In- 
dustry” by G, A. Philbrick, Philbrick Re- 
} searchers Inc. 

“Man-Au-Trol Anplications to Machine 
Tools” by L. J. Bandis, The Bullard Co. 

“Automatic Electric Controls in Thread- 
grinder Design” by E. V. Flanders, Jones & 
Lamson Co, 

“Need for Health Instruments in Nuclear 
Applications” by J. R. Martin, Kellex Corp. 

“Available Health Instruments in Nuclear 
Applications” by A. O. Beckman, National 
Technical Labs. 

Session on NON-DESTRUCTIVE TEST- 
ING: papers by H. H. Lester (Watertown 
Arsenal), J. L. Bly (Pratt & Whitney), 
Lewis Gold (Brown Univ.), C. H. Hastings 
(Watertown Arsenal). 











SCMA 


The April dinner meeting program of the 
Southern California Meter Association, at 
Rio Hondo Country Club, Thursday the 
Zist, will feature a presentation of activi- 
es at the Trona Plant of the American 
Potash and Chemical Co. Clifford H. Gest, 
plant process engineer, will speak on 
Process Control of Trona Production.” H. 
|. Bensinger, assistant sales manager, will 
offer a discussion of the various chemicals 
recovered from the brines of nearby Searles 
Lake, their properties and application. 
Dinner will be served at 6:30 p. m. All 
terested parties are invited to attend this 
eeting, 


The Brush Single-Channel 
Oscillograph with Carrier 
Amplifier, Model BL-310. 
Oscillographs available in 
Double and Six-Channel 


units also. 


ic 


is instantaneous, permanent, and 


accurate with the Strain Analyzer’ 


Designed for use with wire strain gages or other 
resistance elements. Two "Strain Analyzer’ models 
are available, which, with suitable pickups, give 
immediate records of strains, pressures, tempera- 
tures, torques, vibrations or accelerations. Either 
static or dynamic phenomena up to 100 c.p.s. may 


be recorded. 


Investigate Brush measuring devices before you 


buy... they offer more for your money. 


Write today for detailed information on this equipment. 


THE 3405 Perkins Avenue ¢ Cleveland 14, Ohio, U.S.A. 
Villds MAGNETIC RECORDING DIV. » ACOUSTIC PROD. DIV. 


DEVELOPMENT COMPANY INDUSTRIAL INSTRUMENTS DIV. © CRYSTAL DIVISION 





Canadian Representative: A.C.Wickman, (Canada) Ltd., P.O. Box 9, Station N, Toronto 14 
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FRAOMN «<< helps PHOTO RESEARCH CORPORA 





of light 


The “Spectra” is an amazing new instrument developed by the 
Photo Research Corporation of San Fernando, California. For the 
first time in the history of colorimetry this instrument makes it 
possible to determine the color of illumination as easily as you 
can tell time with a watch or temperature with a thermometer. 
The “Spectra” is vitally important to photographers, motion pic- 
ture technicians, theatrical specialists, printers, engravers, artists, 
dyers, manufacturers of inks, dyes and pigments, dealers in fabrics, 
clothing and cosmetics. In fact, it should be absolutely essential 
to all to whom the accuracy of color matching is imperative. 

In order to obtain direct reading of color temperature it was 
necessary for the “Spectra” to incorporate an extremely sensitive 
microammeter that would read directly in degrees Kelvin. Because 
of Marion's recognized reputation for manufacturing extremely sen- 
sitive, trouble-free meters and instruments of this nature, Photo 
Research naturally turned to Marion for this key component. 

Working with Karl Freund, Director of Photo Research Cor- 
poration and pioneer in photographic instrumentation, Marion 
designed, engineered and manufactured the kind of an indicating 
instrument required. Now, Marion meters are enabling technicians 
to secure direct readings in degrees Kelvin. with the “Spectra” Color 
Temperature Meter in many aspects of science and industry. 

When you need general or special-purpose meters for electrical 
indicating or measuring functions, you are invited to call on us 
here at Marion. We have had long and practical experience in 
helping others with these problems. We want to help you too. 


















458 Broadway, New York Cables 


IW CANADA: THE ASTRAL ELECTRIC COMPANY, SCARBORO BLUFFS, ONTARIO i 
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Carl F. Kayan, Pres. 


H. C. Frost, Ist V. Pres. 
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General News 


ISA EXECUTIVE COMMITTEE 
MEETS IN CHICAGO 

The executive committee met in Chicago 
n March 6th with practically a full roster 
of members present. The various vice-presi- 
dents reported on the committees under their 
supervision. When compared with some of 
he earlier executive committee meetings, it 
has been my privilege to attend, this meet- 
ing seemed to prove that the adoption of the 
divisional organization plan last year was 
a wise move. 

A new committee was set up with A. H. 
Shafer (Pittsburgh) as chairman to study 
society organization and planning. This 
committee will operate under vice-president 
Frost and will give its attention to long- 
range financial plans, plans for national 
meetings and study the growth of other so- 
cieties in an effort to steer the ISA around 
whatever pitfalls may seem to lie ahead. 


CONVENTION SPECIAL 
The Chicago Section is planning a conven- 
tion special for the Toronto meeting, May 
12-13. Possibly other sections may wish to 
» investigate the possibility of air, rail or bus 
: specials for this spring meeting. 


| SPRING MEETING HOTEL RESERVATIONS 
AND ADVANCE REGISTRATION 

Hotel reservations for the ISA spring 

» meeting, May 12-13, Royal York Hotel, 

pf Toronto, Ontario, Canada must be made 

before April 30. Registration may be made 

| by writing to the National Office now. 
i 





Section News 
ARUBA 
At our Jan. 4th meeting, Mr. F. E. Griffin, 

Plant Superintendent of Lago Oil & Trans- 
= port Co., Ltd., Aruba, gave a talk on “Ad- 

vanced Business Management Program as 

given at the Harvard Graduate School of 
» Business Administration.” It was very in- 
teresting to learn the calibre of those who 
attend; the companies represented; the 
manner in which such a course is handled; 
some of the problems of the various com- 
panies and comparison of benefit plans. We 
came away from this meeting with a better 
appreciation of the Administration of any 
business. The president reported that the 
Society Was in receipt of a letter from the 
Government of the Territory of Curacao 
requesting a summary of the activities of 
our group for the years 1947 and 1948. 

After the business portion of our Feb. Ist 
meeting the Program Committee introduced 
the five instructors who are to lecture dur- 
ing the ISA Electronics Course which is 
being sponsored by the section. A resume of 
the course was given listing time, place, 
dates, duration, text and reference material, 
construction tools and suggested Laboratory 
Kit. Each of the five instructors gave a five 
minute talk describing their experience and 
background as a means of introducing them- 
selves to the group. The Program Committee 
accepted applications for the course from 
members and guests present. The Course 
Was Officially gotten under way on Feb. 7th 
and will run for 32 weeks. 

Our March ist business meeting was 
mostly taken up with discussion centered 
around the establishing of an amateur ra- 
dio station for the Aruba Section, if and 
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when governmental regulations will permit 
“Ham” operators in the area. 

Our Speaker, Harry Irving, Taylor In 
strument Co’s., gave a talk on “Time as a 
Process Variable.’’ He brought us up to date 
on the latest means of time control and 
gave us many examples of the use of time 
controls. His talk was very timely because 
it dealt with cost control which is a very 
active subject in our everyday business 
these days. He pointed out that time con- 
trollers and controllers in which time is a 
major factor have been widely accepted by 
industry for several reasons: 1) Improved 
quality —through greater uniformity, 2) 
Greater production — saving of time and 
physical effort, 3) Lower costs—through re 
duced waste and time savings, 4) Safety in 
hazardous processes —through completely 
automatic operation, 5) Changes in general 
attitude toward automatic control. This is 
the third year that Mr. Irving has given us 
such an excellent talk and we have signed 
him up for about this time next year too! 
Our April meeting will be concluded with a 
talk by Mr. Ted W. Macie, the International 
Business Machine Representative located in 
Aruba. He will talk on Industrial Electron- 
ics and cover such items as the Electronic 
Brain, The Memory Circuit, a Seventy-five 
Foot Blue-print, and Special Business Ma- 
chines, 

Jim LOPEZ, Special Corr 


BOSTON 


The Boston Section held its fifth meeting 
of the season at the Boston Yacht Club, 
Rowe’s Wharf, Boston on February 23rd. 
Sixty members were present for dinner at 
6:30 P.M. The speaker was Dr. W. N. 
Greer, Leeds & Northrup Co., whose lecture 
topic was “Measurement of pH and Con 
ductivity.” 

The next meeting of the Boston Section 
will be held at the Hotel Statler, Boston on 
March 30th, when the American Meter Co. 
will be host to the members. Mr. W. G. 
Hamilton will speak on “Flow and Pres- 
sure Transmission,” 

~J. H. CONDON, Corr. 


CALIFORNIA 


The March 1st meeting was preceeded by 
an afternoon tour through the Consolidated 
Engineering Corp. plant in Pasadena. 
Groups were conducted by members of the 
Consolidated Engineering staff and brief 
talks on the equipment presented in the 
various departments, A total of 119 mem- 
bers and guests attended the dinner meet- 
ing where the program was rounded out by 
prepared talks on Consolidated activities 
and equipment. Mr. Bob Smallman present- 
ed, “A Brief Orientation into the Field of 
Static and Dynamic Measurements and Re- 
cording.”’ Mr. L. P. Robinson described, “A 
New Recording System for Static and Dy- 
namic Measurements of Physical Quantities 
by Electrical Means.” 

Mr. W. D. Merrick outlined preparations 
for the April 8th joint meeting with the 
Inyokern Section. Transportation for the 
145-mile trip to the all-day meeting was 
discussed and a full program of rocket 
launchings and demonstrations of equipment 
is planned in conjunction with a tour of 
the Naval Ordnance Test Station at In- 
yokern, China Lake. 

CHRIS WAGNER, Corr. 


CENTRAL INDIANA 


The March 1st meeting was held in the 
Purdue University Extension, Indianapolis 


Hugh E, 


Ferguson, Treas. 
Rimbach, Exec. Sec’y 


No. 4 


\ very interesting illustrated talk ‘Meth 
ods of Temperature Measurement and Con 
trol” was given by Mr. W. E. Ellsworth 
who has been working with pyrometers and 
thermocouples for many years and is now 
the district manager for the Claud § 
Gordon Co. 

The April 5th meeting will be a field trip 
through the Rock Island Refining Corp. 
Indianapolis. Mr. Leon Stewart will con 
duct the tour and talk on “Refining Proc- 
esses of the Oil Industry.” 

E 


° 
Kk. TAYLOR, Cort 


CUMBERLAND 

The January 26th meeting was held at the 
Cumberland Plant of the Celanese Corp. of 
America. The speakers were Mr. A. H. 
Shafer, Branch Manager and Mr. W. H. 
Young, Service Engineer, The Foxboro Co. 
Since compressed air was available, Mr. 
Shafer and Mr. Young were able to give a 
practical demonstration of the Model 40 
Pressure Recording Stabilog Controller, 
M/41 Controller, Pneumatic Flow Trans- 
mitter and several other instruments. Quite 
a large part of the time was devoted to the 
calibration of the instruments and since it 
was a demonstration as well as a talk, the 
meeting proved very successful. 

The February meeting was held on Feb- 
y 28rd, 1949 at the Algonquin Hotel 
The sveaker was Mr. C. Gates, Vice- 
President, assisted by Mr. A. W. Whittaker, 
District Manager, Wheelco Instrument Co 
Mr. Gates gave a description and explana- 
tion of the oscillator and flag principle used 
in their Capacilog recorder-controller. 

Our section is striving to invite each in- 
strument company to speak so as to obtain 
a comparison of instruments available as 
well as learn valuable service information. 

G. W. HARRISON, Corr 


GULF COAST 

The Gulf Coast Section held its regular 
monthly meeting on March 2nd, at Lamar 
College, Beaumont, Texas, with 60 in at- 
tendance, Mr. C. B. Moore of the Moore 
Products Co. was the speaker for the eve- 
ning. His subject was “The Problems of 
Process Control with the Pneumatic Null 
jalance Method.” Mr. Moore’s talk was fl- 
lustrated with slides. An open discussion 
was held after the meeting with Mr. Moore 

answering many questions. 
J. W. RUTLEDGE, Corr 


NEW JERSEY 

The regular meeting held at the Essex 
House, Newark, New Jersey, on March Ist, 
was very well attended. More than 110 mem- 
bers and guests heard Mr. J. W. Graeb, In 
strument Engineer, Engineering and Devel- 
opment Division, Imperial Oil Limited, 
Sarnia, Ontario, speak on “Unit Startups 
and What They Can Teach the Instrument 
Engineer.” 

The speaker pointed out that training for 
the instrument crew who are to operate the 
unit should include lectures on the process 
and instrumentation, manuals containing 
process diagrams, descriptions of each in 
strument on the unit and its function, as 
well as manufacturer’s operating and main- 
tenance instructions, and participation in 
the checking process so that each man is 
thoroughly familiar with the location and 
function of each instrument before the 
start-up. 
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Plans for the special meeting on April 5th 
have been completed. As previously an- 
nounced, a “Symposium on Derivative Con- 
trol Action” will be presented during after- 
noon and evening sessions by Messrs, V. V. 
Tivy, R. E. Clarridge, L. E. Jewett, and 
Cc. B,. Moore. Preprints of the papers for 
this meeting will be available for those who 
attend. On Tuesday, May 3rd, Mr. H. Zei- 
boltz, Vice President of Askania Regulator 
Company will present an authoritative talk 
on “Hydraulic Governors.” Both of these 
meetings will be held at the Essex House, 
Newark, New Jersey. 

W. A. HAGERBAU MER, Corr 
NEW YORK 

The New York Section held its February 
meeting on the 28th at Mullins Cafe, 153 
Chambers St., New York City. Mr. J. W. 
Bennett of Energy Control Co., Inc., deliv- 
ered a very interesting talk on “Factors 
Affecting Automatic Control of a Modern 
Steam Generator.” This was well illustrated 
with slides and many questions were dis- 
cussed at the close of the paper. The fol- 
lowing slate of officers were elected: 
President—E. Ralph Manning 
Vice-President—Charles E. Haggerty 


Secretary——Norman J. Cherry 

Treasurer—George Kauer, Jr. 

Board of Directors—A. K. Joecks, S. G. 
Stemmer, H. R. Kalbfleisch, A. Lobert, 


H. Proske. 

The March meeting will be held at Hotel 
Statler (formerly Hotel Pennsylvania) 33rd 
St. and Seventh Ave., Conference Room 2 
at 7:30 P.M. Mr. A. B. Geuder, Sales Engi- 
neer of Hagan Corp. will speak on “A Dis- 
cussion of Hagan Ring Balance Instru- 
ments.” 

H. R. KALBFLEISCH, Corr. 


NIAGARA FRONTIER 

The regular monthly meeting was held on 
February 28th, at the New York State Insti- 
tute of Applied Arts & Sciences in Buf- 
falo. About fifty members attended the din- 
ner immediately preceding the meeting, and 
an additional eight or ten arrived for the 
meeting only. 

Mr. W. N. Greer of the Leeds & Northrup 
Co, gave an interesting talk entitled “Elec- 
trochemical Measurements in Industrial 
Processes." Mr. Greer indicated that a tre- 
mendous improvement had been made in the 
development for measuring the concentra- 
tions in solutions by the conductance meth- 
od, particularly with regard to pH. As con- 
ductance is also a function of temperature, 
excellent temperature control can be ob- 
tained with the conductance method, par- 
ticularly with alcohols, 

—W. J. SomMeErs, Corr. 


NORTHERN INDIANA 


Saturday morning, March 12, about 25 
men from the Northern Indiana Section 
and from the Whiting Instrument Men's 
Guild met at the State Line Generating 


Plant of the Commonwealth Edison System 
for an inspection trip through the plant. We 
were taken by Mr. Kramer, our host, to a 
classroom where he explained the workings 
of the system and told us high points of 
what we were going to see. The largest sin- 
gle generator in the world, steam lines that 
have been continuously under pressure for 
the last twenty years, and efficiency which 
is the highest in the Chicago area, were a 
few of the main points, 

Most interesting to instrument men was a 
water column calibration device which is 
in use at the plant. The main features of 
this device are a 54 in. water column and a 
30 in. mercury column arranged in paralle«! 
with a shut-off on the water column so that 
any differential up to 400 in. of water can 
be set up for testing flow meters. 

This is the third fleld trip the Northern 
Indiana Section has had. Our first was to 
Michigan City where we were guests of Phil 
Sprague of the Hays Instrument Co. At the 
Standard Oil plant, we were entertained »v 


Bill Thiesen and H. J. Stevenson. Mr. 

Kramer and Mr. Limbach were in charre 

of the trip through State Line Generating 
Plant. 

J. B. BecKMAN, Corr 

OAK RIDGE 
The Section met March 2nd, at The Oak 
Terrace, Oak Ridge, Tenn. After dinner, 


when our regular business meeting bern 
at 7:30 P.M., our hall was filled to capacity 
by members and guests. It was announced 
that the Executive Council had approved 
the applications for membership of seven- 
teen men. 

Mr. George Gritton won the ISA pin. We 
have a plan wherewith one member gets a 
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pin each meeting night. This adds a little 
“gest” to the first part of our business meet- 
ing which is usually routine in nature. Mr. 
George Jamieson outlined his completed 
Plans for sessions to discuss “Electronic 
Theory.” 

Our guest speaker was Dr. J. 
Director of Research, Brown 
Co., Philadelphia. His subject 
“Recording Electrometers.” 

Our next meeting will be on the first 
Wednesday of April, The main event of this 
meeting will be a talk on “‘Automatic Con- 
trol” by a Taylor Instrument Co. repre- 
sentative. He will illustrate certain parts of 
this discussion by using an instrument in- 
stallation which we will prearrange. 

—JOHN H. CLARK, Sec’y 


Cc. Mouzon, 
Instrument 
Was entitled 


PHILADELPHIA 

Our February 16th speaker, Mr. Albert W. 
Gabriel, Jr., Engineer, Westinghouse Elec- 
tric Corp., Aviauon Gas Turpine Division, 
talked on “Instrumentation of Turbo-Jet 
Engines.” Reviewing the rapid progress 
made in the field of jet propulsion, Mr. 
Gabriel briefly outlined the operating prin- 
ciples of the newer engines and the condi- 
tions within a typical axial flow turbo-jet 
to provide a background for understanding 
the instrumentation problems involved. 


Mr. Gabriel divided the instrumentation 
into three classes, namely: (1) for ground 
development testing, where any and ail 
kinds are employed without regard as to 
size or personnel required; (2) for iu 
development testing, where numerous but 
small, light, accurate, and automatic de- 


vices are required; and (3) for production 
models, where the instruments are kept to a 
minimum and must be direct reading as 
well as accurate and reliable. 

Variables requiring measurement during 
all phases of testing include: the lubricat- 
ing oil pressures and temperatures, the fuel 
pressures and rate of flow, bearing tem- 
peratures, engine rotor speed, and numer- 
ous values of internal air temperature, np 
sure, and velocity. Space limitations within 
the engine, excessive heat and noise inside 
the test cell, and extreme turbulence of air 
flow are some of the difficulties posed by 
these measurements. 

Mr. Gabriel closed his enliehtening talk 
with a look toward future instrument prob- 
lems, now that the sonic barrier has been 
conquered, High altitudes will require com- 
partment pressurization, instruments. to 
check the low ambient pressures and tem- 
peratures, Supersonic flieht, however, de- 
velops hich surface temperatures on the air- 
frame which must be countered bv cool'ne 


svstems with extensive instrumentation. 
Following the talk a technicolor film was 
shown of the McDonnell “Phantom” sea 


trials aboard an airplane carrier. 
: —W. E. HARRISON, Corr. 


PITTSBURGH 
On February 28th, after a short business 
period, including comments by Major Behar 
on his recent trip to Los Angeles, Mr. Sam- 


uel Feigenbatm of Jones & Lavuchlin Re- 
search Laboratories, spoke on ‘“‘Tempera- 
ture Measurement of the Open Hearth 


Bath.” He explained the importance of this 
measurement to the operator, the metallur- 
gist, and the instrument man. Two methods 
are now available for this measurement. In 
the thermocounle method, the rlatinum— 
platinum 10 per cent rhodium couple seems 
to be firmly established. Improvements in 
protecting tubes have been made, but main- 


tenance costs are high on this type of 
equipment. 
Radiation instruments are in use with 


both photocells and thermopiles. Some time 
was devoted to describing an immersion 
thermopile with air jet purging, which is 
used by Jones & Laughlin. 

—M. M. FroMM, Corr. 


PRESQUE ISLE 

22nd meeting is to consist of 
tour through Koehler's 
located at 2131 State 
Street in Erie, Pa. The condncted tour is 
scheduled to begin at 7:45 P.M. and is to 
terminate at the Rathskeller. 

On April 26th, at the Commons Room of 
Cannon College, the Section is to hear an 
illustrated lecture by Mr. Don Allshouse on 
“A History of Boiler Feed Water Regu- 
lation.” 

The last meeting this spring will be held 
on May 24th at the General Electric Com- 
munity Center. We are greatly anticipatin= 
the return visit at this time of Dr. Steven J. 
Zand, Vice President of the Lord Manufac- 
turing Co., who will talk on the timelv svb- 
ject of “Supersonic Aero-Dynamics.” Dr. 
Zand, who spoke to our group last year, was 


March 
a very interestine 
Beer and Ale Co., 


The 


recently honored by the United s: 


ernment when he was presented 
“Award of Merit” for outstand): 
butions during the last war. 

The success of open forums he! 
sections of the Society was corr 
our February 22nd dinner meeti; 
Behrend Center, the Erie extensi: 
sylvania State College. Mr. War: tos 
beck, of the Brown Instrument Mir 
neapolis Honeywell Regulator ; 
open forum discussion on inst 
which brought forth many prob! 
tion and unique suggestions. At 
meeting Mr. Howard Becker 
Electric Co. presented a very 





talk on the newly developed The, 


-H. F., LONI 


ROCHESTER 
The February 22nd meeting 

the Bausch and Lomb Physics B ng of 
the University of Rochester. M Hen: 
Stoll, of the Taylor Instrument C arp 
spoke on “Fluid Flow Measurem: . 
covered the theory and operation of venty); 
tube, flow nozzle, orifice plate and , t tubs 
flow meters, The design and accu: of rs 
sponse of each was thoroughly dis ed 
were certain possible sources of ern 


Mr. Stoll’s explanation of fluid floy 
pipe lines and of the fact that it eS not 
necessarily follow the square root ' 
his description of the new pitot-vent 
measuring system brought forth a | 


discussion and was enthusiastically eive 
by the 55 members rresent. The f ne 
new officers started their year of se; t 
this meeting: 

Chairman: Mr. Irvine G. McChesn« 

Vice Chairman: Mr. Norman Koenis 
Secretary: Mr. Ralph C. Schwarz, J 
Treasurer. Mr. Charles W. Covey 

EINAR W. JENSEN, ( 





ST. LOUIS 
The March 2nd regular meeting on “Pow 
System Telemetering”’ attracted the larg 
turnout of the year, when approximately 15: 
members and guests met in the Union 
tric Company auditorium to hear M: 
Palmer T. Ramey, Communications 


visor, describe the very complete nd 
teresting installation. 

Mr. Ramey began with a descriptio: 
the operation of the Thermal Converter cor 


nected to each generator, which transforms 


power output to a direct current voltag 
Output of various converters can be add 
and the total recorded on a load 
calibrated in kilowatts, which also may i: 
tegrate the power output. The recorder 
acts as a transmitter, and sends out 


electrical impulse of variable length, dd 
pending on the amount of power ontput 
The generating stations in the vicinity 


St. Louis, such as Venice, Cahok‘a and As! 
ley, transmit over telephone 
the distant ones at Bagnell Dam and Ke 
kuk, Iowa, transmit over the power lines b 
-arrier. 

The of rower svsté 


primary purpose 


telemetering is the most economical loading 


of plants. Additional benefits are great 
speed of information to the load disnatech 
in case of trouble, addine to the reliabilit 
of the power system. Following the tall 
the eauinment in the load dispatcher 
fice was inspected. 

—H. E. ZEFFREN, 


SARNIA 

Section held its January 14th meeti: 
in the New Moose Hall on South Mitton St 
The meeting was opened, as is our estat 
lished practice, with the showing of a fil! 
Although the film, entitled “Brazing Flans 
with Silver Solder” did not cover 
directly related to ours, it gave us an inte! 
esting insight into the intricacies invo 
in brazing large flanges to pipe. It 
not appear to be the simplest of overatior 

Mr. A. Upfold, the Electronics Technic 
in the Polymer Instrument 
was introduced by Section President J. \ 
Graeb, as the speaker of the evening. H 
described the necessity for and demonst: 
ed the techniques employed in trouble shoot 
ing electronic circuits in 
temperature recorders. It should be nots 


The 


that this was the first of a series. Printed 
were dis 


notes had been prenared and 
tributed outlining common troubles, thr 
symptoms and the corrective meas"res t! 
should be taken. To ensure complete cove! 
age of the membership, the notes ‘ 
mailed to all members with the notic: 
the next meetine. 

The meeting, Feb. 11th, opened wit! 
showing of a very excellent film produc 
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neers the erroneous idea exists 
that the field of pressure meas- 
pring instrumentation is a closed chap- 
Her; no really new developments are 
Rither required or in prospect. Even a 
B,sual search of engineering and scien- 
‘fic literature reveals a steady stream 
f articles on new or improved instru- 
hents for measuring pressure. Broad- 
ly speaking, this field may be held to 
nclude both indicating and recording 
nstruments, remote indicating instru- 
nents, pressure regulators and con- 
rollers. Measurements may be made 
iynamically or statically. Only indi- 
ating instruments primarily for static 
use will be discussed in this article, 
Haithough the discussion may have ap- 
lication to the other fields also. 

| The indicating instruments can be 
lassified either by the type of pres- 
sure-sensitive element used or by the 
Mange of pressure to be measured. 
ince many designs are limited to a 
definite pressure range, it is convenient 
o use the latter classification. For the 
purposes in view here the following 
Mather arbitrary classification is made: 








eo some scientists and engi- 














I, Absolute pressure 

(a) vacuum, below 1 mm. of mercury 
(b) 0.5 to 800 mm. of mercury 

(c) 1 to 3 atmospheres 

(d) above 3 atmospheres 


Il. Differential pressures 

(a) small differential pressures .001 to 
1 mm. of mercury 

(b) up to 100 inches of mercury 
(c) high pressures 50 to 50,000 psi 
(commercially available) 
(d) high pressures, 50,000 to 125,000 
psi (under commercial develop- 
ment) 
(e) high pressures, above 125,000 psi 


In all of these categories there is 
need in some applications for greater 
precision and accuracy than can be 
Hobtained from instruments now avail- 
' able. In some cases greater convenience 
and reliability in operation are highly 
; 
i 
= 
é 
' 








desirable. 
| For example, more reliability and 

greater convenience is desirable in vac- 

uum gages, particularly for field use in 
meteorology and aeronautics in the 
™ Tange just below 1 or 2 mm. of mer- 
im cury. 
| For measuring high vacuum an in- 
‘ strument as convenient and reliable as 
an aneroid barometer is in demand. To 
)Secure it invention seems necessary. 
i] Also instruments for measuring ab- 
Presented at the Second 


Y rie Section Conference, 
, Hotel Statler, 


Annual New 
January 28-29, 
New York, N. Y. 


= 
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Some Problems im 





the Precise Measurement of Pressure 


By W. G. BROMBACHER 
National Bureau of Standards 





i 
: 
i 


Fig. 1. Barometer used as a working standard in calibrating portable barometers 


solute pressures and diffential pres- 
sures between 1 and 3 or 4 atmos- 
pheres are not available in the accur- 
acy and convenience desired. Mercury 
columns can be designed to be suffici- 
ently accurate, but the columns are 
inconveniently high for easy observa- 
tion. The commercial demand seeming- 
ly does not yet warrant the develop- 
ment of accurate and sensitive aneroid 
type gages in this range. 

For the balance of these introductory 
remarks, the discussion will be limited 
to three categories of precise measure- 
ment :— 


(a) Measurement of absolute gas 
pressure in the range from 1 to 800mm. 
of mercury. (b) Measurement of small 
differential or gage pressures to high 
precision. (c) High pressure measure- 
ments in the range 100 to about 125,000 
psi. 

ABSOLUTE PRESSURES 

The instruments commonly used to 
measure absolute pressures in the range 
of interest are the mercurial barometer 
and the aneroid barometer. Contrary 
to opinions held by many engineers and 
scientists, the portable mercurial ba- 
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rometer is limited in accuracy to about 
0.1 mm or 0.005 inch of mercury. This 
accuracy is obtained only if the bore of 
the tube is at least about 0.6 inch, to 
reduce capillary errors, and if the ba- 
rometer temperature is controlled or 
accurately known well within 1 degree 
C at the higher pressures, with a great- 
er uncertainty permissible at low pres- 
sures. Other factors, such as_ scale 
error, poor design, etc., may also in- 
troduce errors exceeding the above 
value. 

A mercurial barometer used as a 
standard at the National Bureau of 
Standards in checking portable barom- 
eters at pressures down to about 1 mm 
of mercury may have application where 
an absolute accuracy of about 0.03 mm 
or .001 inch of mercury is required. 
This barometer is shown in Fig. 1. It 
consists of a U-tube, 0.8 inch bore, a dif- 
fusion pump for maintaining a vacuum 
above the mercury on one leg, and a 
McLeod gage for measuring this vac- 
uum. The stainless steel scale, between 
the legs of the U-tube, is graduated 
in 0.5 mm steps from 0 to 800 mm and 
has been calibrated. The scale reading 
at the mercury levels is made by sight- 
ing through two telescopes which are 
mounted on a very rigid cathetometer 
equipped with levels and _ levelling 
screws. Each telescope has an eyepiece 
with a reticle used as a vernier with 
which the least reading is .02 mm. The 
whole assembly is mounted on a cork- 
concrete platform in a sub-basement 
room to obtain unusual mechanical sta- 
bility. The room is thermostatted day 
and night at about 25 degrees C, with 
short time temperature variations less 
than .05 degrees C. 

Corrections must be applied or con- 
sidered for over 20 sources of error, 
many minute, if the stated accuracy 
is to be obtained. Note that by placing 
the scale in the plane of the mercury 
column instead of the cathetometer, the 
error introduced by a given angle of 
tilt of the telescope axis is greatly re- 
duced. 

This barometer is used principally 
in a closed system to which it and in- 
struments under test are connected. 
Precise maintenance of the pressure 
at a desired value is essential in most 
work, for which purpose a barostat was 
developed. This holds pressures at acon- 
stancy within 0.01 mm of mercury dur- 
ing the time required for a reading 
(one to ten minutes). 


The 100 degree C point on the Inter- 
national Temperature Scale is defined 
as the temperature of equilibrium be- 
tween liquid water and its vapor at a 
pressure of one atmosphere. To match 
the precision with which temperature 
can be measured, realizing this stand- 
ard experimentally, requires measuring 
absolute pressure to an accuracy at 
least ten times better than possible 
with the design of mercurial] barometer 
described above. 


A precision manometer for measur- 
ing absolute pressure has been designed 
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weed 


Fig. 2. Nesting corrugated diaphragm capsule. 


and built at the National Bureau of 
Standards, which is briefly described 
in reference (1). This has a range 
from 0.2 to 2 atmospheres. At one at- 
mosphere the column height can be 
measured to an accuracy of about a 
part in one million (about one micron). 
This accuracy is equivalent to tempera- 
ture differences of less than 0.0001 de- 
gree C. In deriving pressure from the 















mm of mercury. The range js n 7] 4ileve full 


to 787 mm of mercury. Its ca atiod Maressure T 
has shifted less than 0.3 mm - ,, ts essing | 
cury in six years. Available d indi At presi 
eate that the probable error of | «;,,, ith nesti 
reading is plus or minus 0.05 »» , ercia 
mercury, a performance not 9) fon and 

by many mercurial barometer: is igame for | 
not to say that all aneroid ba: metehp to 0 t 
of this design will necessarily }..\.. 4; y erumen 
performance. | easuring 


vailable, 
etter tha 
ope that 


The sensitivity of the short ran, 
aneroid barometers described a)joya ;. 
not obtainable in long rang 


4rOmM- 














measurements the above accuracy may eters without considerable mec anica utilize 
not be quite realized because the local complication, nor can the above acc, ggacuum T 
value of gravity and the density of racy be approached in conventional qo.[Pss below 
mercury are each probably uncertain to signs. Hysteresis and drift effects ,,,gpearest 0. 
about ten parts in a million. To make significantly larger. In the best lalit SMALL 
° 100 200 300 400 500 600 700 Microm: 
| | pd in @ $ 
| | . 
| Maximum defiection from 2 capsules, 2 '%2 inchds in diameter arious § 
0.50 Ree ws. + < «atl eRe 1 | . 
~ 1 t ‘o main thes 
‘\,™ 7 sche 
\ ? } RR T ~ 
\ \ 1 co UGATED DIAPHRAGMS hange in 
Two capsules m 
~ : pf a ma 
0.40 \ \ 4 ~ | 3 of Diameter: 2% inches | , igns hav 
Moteria!: Beryilium Copper ' 
eS \ | ent, Ve 
\ i Pcommercl: 
| \ "a elopment 
0.30/- | —\ : = 4 | ntial pre 
a be deseril 
\ \-tosimum Flexibility | hi fie 
for sensitive element "Sie —+Common type iborometric element n t 18 
y heir eff 
\ os Z pressures 
+ + + + = 
\ Sensitive Element No 2, The c 
Dioph. 0.003 ip thick 4 
Best possible jdesign N & 
ras constructes Nn, > 
- i 
4 | | “I 5 
\ IN 
psa VA 
| \ | | hE | i NI 
| \ | Ww 2 
ii | ABSOLUTE PRESSURE) — MM. OF] MERCURY | &£ te 
200 300 400 500 600 700 N 
Fig. 3. Performatice of one design of evacuated nesting diaphragm capsule. The deflection starts at N 
about 120 mm of mercury, but could be designed to start at about 230 mm without loss of performance R QZ 
NN 
the standard atmosphere independent aneroid barometers, the hysteresis ef- NN 


of the density of mercury and of gravi- 
ty, it has been defined, in the Interna- 
tional Temperature Scale of 1948, as an 
absolute pressure of 1013250 dynes per 
sq cm. This corresponds to the pressure 
exerted by a mercury column 76 cm 
high, having a density of 13.5951 grams 
per cu cm and subject to a gravitational 
acceleration of 980.665 em per second. 
It is hoped that this definition of the 
standard atmosphere will be adopted as 
an international standard for all scien- 
tific purposes. It should be added that 
other national physical laboratories 
have also constructed mercurial barom- 
eters of high precision. 

Aneroid barometers, chiefly for use 
in meteorology and civil engineering, 
have been greatly improved in perform- 
ance by several manufacturers during 
the last ten years. Illustrative of the 
progress made, one commercial aneroid 
barometer for measuring atmospheric 
pressure now at the National Bureau 
of Standards has a pointer tip deflec- 
tion between 6 and 8 mm (one-fourth 
and five sixteenths inch) per mm of 
mercury with graduations every 0.2 


fect approaches a minimum of 0.1 pe. 
cent of the range of pressure change § 
and the drift effect of a rested barom- 
eter is about 0.2 percent of a sudde: 
pressure change in the first hour afte: 
subjection to a large pressure change. 
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In order to obtain sensitivity at low BR 
. ; Wiaphragm 
absolute pressures without excessive [iptrain gage 
mechanical multiplication of the deflec- B® 0 :. 
tion of the aneroid capsule, the use of 
a nesting capsule has been proposed The M 


(reference 2). This has been developed 
commercially for several applications 
(probably independently, since the idea 














inche; 


itself is old). pressure 

The nesting capsule is shown in Fig.2 [ition of tl 
and the performance for one design Bin an el 
(reference 2) in Fig. 3. For use in an ijgage,the 


aneroid, the capsule is evacuated. As [jmeasure 


the evacuation proceeds the two dia- [jvanomet 
phragms nest together, without further Pigage is: 
deflection, at some fraction of atmos- fisule, sot 
pheric pressure determined by the de- Bpatter a 
sign. In use, no diaphragm deflection is Bye@ees 4 
secured until the ambient pressure is ore: 

Ani 


reduced to the pressure at which the 
diaphragms originally nested. In this 
element, diaphragms can be used which 


rom F; 
a ned f 
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sve full deflection over the reduced 
vessure range Without danger of over- 
ressing them. 
At present, absolute pressure gages 
ith nesting diaphragms are available 
ercially where the pointer deflec- 
on and mechanical system are the 
lame for selected ranges from 0 to 20 
%, to 0 to 250 mm of mercury. The 
struments are convenient to use for 
‘easuring moderate vacuums. As now 
Available, their accuracy is somewhat 
tter than one percent. There is some 
ope that the nesting diaphragms can 
utilized to dip further into the 
acuum range, perhaps to obtain read- 
Ings below one mm of mercury to the 
earest 0.01 mm. 
SMALL DIFFERENTIAL PRESSURES 


Micromanometers have been develop- 
>d in a great variety of designs for 
rarious special applications. In the 
ain these designs have depended upon 
sme scheme for amplification of the 
hange in liquid levels in the two legs 
»f a manometer; to a lessor extent de- 
igns have been based on an elastic ele- 
nent, Very few designs are available 
recommercially. Two recent ingenious de- 
elopments in measuring small differ- 
ntial pressures, one of each type, will 
be described to illustrate the progress 
n this field being made by chemists in 
heir efforts to measure low vapor 
pressures. 
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ig. 4. Matheson-Eden manometer. A is the nesting 
Wiaphragm capsule; B, the connection to the wire 
Mtrain gage; C, the inlet to, and the support for, 
the capsule; and D, airtight space except for 
pening E. 

The Matheson-Eden manometer (ref- 
erence 3) is shown schematically in 
Fig. 4. A nesting diaphragm capsule 

inches in diameter is used as the 
pressure element. The central deflec- 
ion of this element controls the stresses 
in an electrical resistance wire strain 
yage,the change in resistance of which is 
measured by a bridge circuit and a gal- 
fanometer. The stiffness of the strain 
gage is almost six times that of the cap- 
sule, so that the full potentialities of the 
Hatter are not realized. These strain 
gages are now available with less 
stiffness, 

An idea of the sensitivity is obtained 
rom Fig. 5. Individual curves are ob- 

ied for two values of current, 1 and 


10 milliamperes, through the strain 
gage. The maximum sensitivity control- 
led by the maximum current in the 
strain gage, is of the order of 3 mm of 
galvanometer deflection per micron of 
mercury and could be increased by 
further amplification if the overall re- 
liability justified it. The central] deflec- 
tion of the diaphragm capsule-strain 
gage unit is about 0.4 x 10-8 inch 
(10-5 mm.) per micron of pressure 
change. The capsule nests at a pressure 
of 0.5 mm. of mercury applied outside 
of the capsule. 
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Fig. 5. Performance of Matheson-Eden manometer 
The abscissa unit is in microns of mercury (0.001 


mm of mercury). The outside of the capsule was 
subjected to the higher pressure. 


Another instrument measuring small 
differential pressures is the Pudding- 
ton manometer (reference 4). This is 
shown schematically in Fig. 6. The 
two legs, A & B, of the manometer are 
large (and equal) in cross section area 
compared to that of tube C, on which 
readings are made. To obtain a zero, 
valve H is shut when the pressures 
upon the mercury surfaces in A & B 
are equal. By air pressure applied at K, 
the mercury in B is forced to mark G, 
whereupon the mercury position in C 
is taken as zero. To make a measure- 
ment, a small pressure is applied at leg 
A, valve H is then closed, and again 
the mercury level in B is brought to 
mark G, determining a new position of 
the mercury level in C. The pressure is 
then determined by 

i-3 
L=— — P 
2 & 

Where 
P is the pressure in mm. of mercury 
B & C are the areas of tubes B and C 
L is the length of the mercury column 

from the zero pressure position 
in mm. 

In one actual instrument, the diame- 
ters A & B were 46 mm. and of C, 
0.78 mm., which gave 1760 as the-mag- 
nification factor one-half B/C. This 
gives a deflection L of 1.8 mm. per 
micron (0.001 mm. of mercury). 

The readings of this manometer are 
affected by temperature changes, which 


must be kept small, and also perhaps 
by meniscus uncertainties. It is con- 
sidered that the overall accuracies of 
the Matheson-Eden and the Pudding 
ton are of the same order. The former 
is more expensive to construct but has 
the advantage of giving continuous 
readings. 
HIGH PRESSURE 

High pressure phenomena are be 
coming of widening interest to physi- 
cists, chemists and engineers. In en 
gineering, pressures of 20 to 30,000 psi 
were, until recently, considered quite 
high; now the range of 100,000 psi is 
considered on the verge of being com 
monplace. At least three commercial or- 
ganizations are now making equipment 
for producing pressures up to 100,000 
psi. Of course, this pressure is low by 
comparison with those obtained in 
Professor Bridgman’s laboratory at 
Harvard University in the Geo- 
physical Laboratory Washington, 
Dic, 

The piston gage, dead weight 
tester, is commonly used as the work- 
ing standard in checking other types of 
pressure gages such as the Bourdon 
tube gage or resistance wire type. The 
weights of the piston gage can be cali 
brated and the area of the _ piston 
measured, but the effective piston area 
is, in general, somewhat greater than 
the measured value and may vary with 
pressure because of cylinder distortion 
under load. The difficulty in determin- 
ing the piston area accurately is seen 


or 
at 


or 


K 
| 
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Fig. 6. Puddington manometer. A and B are the 
legs of the manometer; C is a long capillary tube; 
D, a storage volume; E and G are indices; and f 
and H are stopcocks. 


more vividly if it is assumed that the 
weight limit for a 100,000 psi piston 
gage is 1000 pounds. It follows that the 
piston area is only 0.01 square inch. 
The effective area of the piston of a 
piston gage used as a working standard 
usually rests ultimately upon a com- 
parison with a mercury manometer. 
Since 40 or 50 feet is the practical 
limit to the height of a mercury column, 
producing a pressure difference of about 
300 psi, it is easily seen that some 
scheme. ‘is ‘required in order to -extend 
the range to high pressures. Several 
schemes have been used. In one, the 
mercury manometer is designed to be 
subjected to high pressures, increasing 
by steps, Two piston gages are used, 
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one at the top of the mercury column 
and the other at the bottom; then their 
positions are reversed. The pressure is 
thus known step by step and the cali- 
bration of the piston gages obtained. 


In the second scheme a number of 
mercury manometers in series is used, 
reference 5, in which the pressure dif- 
ference can be determined from the 
sum of heights of the unbalanced col- 
umns. In principle the arrangement 
would permit greater pressure in cali- 
brating two piston gages, but actually 
the manipulation is troublesome and 
the readings difficult to make. 


At present the National Bureau of 
Standards tests piston gages for accu- 
racy of the weights and to determine 
the effective area of the piston. The 
latter is computed from the results of 
a comparison test using a standard 
piston gage. The effective area of the 
piston of the National Bureau of Stand- 
ards standard in the last analysis was 
determined up to 1000 psi from com- 
parison tests against a mercury column, 
and up to 2000 psi using as a standard 
an experimental gage, constructed to 
have close clearances between the piston 
and cylinder. From about 2000 to 50,- 
000 psi. the upper limit of the range, 
the calibration depends upon an extra- 
polation. 


This situation offers no difficulty in 
testing Bourdon pressure gages since 
the accuracy in the extrapolated range 
is undoubtedly better than the % per- 
cent claimed for the best quality Bour- 
don gage. For testing commercial pis- 
ton gages below about 10,000 psi, the 
accuracy of the standard is estimated 
to be 1/10 percent or better; above this 
pressure no exact estimate of the accu- 
racy can be made. In view of the grad- 


Section News 
(Continued from Page 
by the L. S. Starrett Company, “The Tools 
and Rules for Precision Measuring.” This 
film, dealing with precision measurements, 
stressed the importance of the care neces- 
sary if accuracy is desired. The section ex- 
plaining the micrometer and vernier calipers 
were of value to the group since most of us, 
at one time or another, use these tools in 
the process of preparing flow measurement 
equipment-instruments and orifice installa- 
tions, etc. 

Maurice Smith the valve specialist in the 
Polymer Instrument Shop employed a num- 
ber of valves, valve motors and valve trim 
sets to demonstrate troubles and cures, dis- 
assembly for purposes of servicing and re- 
assembly procedures, 

—GORDON M. 


354) 


CATCHPOLF, Corr. 


SOUTHERN MICHIGAN 

On March 16th, our program consisted of 
two talks given by Mr. Kenneth Urback 
and Mr. G. R. Wellman. Mr. Urback de- 
scribing and discussing magnetic separators, 
pointed out several important uses of mag- 
netic separator in processing goods for hu- 
man consumption and the protection of plant 
equipment through the removal of “tramp 
iron” from material in process, 

Mr. Wellman described a recent develop- 
ment in the metal detector field and demon- 
strated how all types of foreign bodies can 
be detected in various processing industries. 
His demonstration included a detailed de- 
scription of the electronic circuits employed 
in the metal detector. The speakers appeared 
through the courtesy of Garrett Burgess, 
Inc. of Detroit, Michigan. 

Mr. Gienn R. Miller of Battle Creek, Mich- 
igan was designated to represent the section 
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ual increase in the range of pressure of 
engineering interest, the range of 50,000 
psi will be soon outmoded. Economy of 
effort indicates that at least one labora- 
tory should be available to standardize 
pressure measuring instruments with 
considerable accuracy for investigators 
desiring this service. 


In view of the situation just described, 
the Mechanical Instruments Section of 
the National Bureau of Standards is 
undertaking a program of developing 
standards for high pressure measure- 
ment which may at this time be sum- 
marized as follows: 


(a) To design and construct piston 
gages to have minimum changes in cali- 
bration, due to distortion under load, 
to cover the range to 125,000 psi. 


(b) To design and construct mercury 
manometers for calibrating piston gages 
possibly up to 30,000 psi. 

(c) To design, construct and test 
portable pressure standards based on 
indications of volume changes associ- 
ated with changes of state of certain 
liquids, notably water and mercury, 
under pressure. 

(d) To design, construct and test 
portable pressure standards based on 
the vapor pressure of certain liquids at 
a selected temperature. 


Under (c), Professor Bridman (ref- 
erence 6) has found changes of state 
suitable for fixed points in a number 
of substances. Of particular interest is 
ice for which there are triple points 
near 30,000 at —22 degrees C, 50,000 
at —17 degrees C and 90,000 psi at 
just above 0 degrees C. It is expected 
that volume changes will be used as the 
indicator, but the possibility of using 
other indicators, such as constancy of 
temperature, is not ruled vut. 


at the Toronto meeting on May 14th. The 
next meeting of the section will be held on 
April 20th at Chicken Chartie’s in Kalama- 
z00, Michigan. 

—Homer G. KvuIper, Sec’y. 


WAYNE COUNTY 

The February meeting was well attended. 
The points of most interest in the business 
meeting were the coming election of officers, 
a discussion of the course in Advanced In- 
strumentation now being held at the Rack- 
ham Building in Detroit, and plans for our 
annual trip through some industrial plant. 

The Metrol Company of Detroit sponsored 
the program. Mr. Bruce Irwin of Hammel- 
Dahl Co. was the speaker. He gave a good 
talk with slides on control valves. We got 
a lot of useful information on materials and 
construction, valve packings, installations, 
ete., and saw illustrations of very high 
pressure and high temperature control jobs. 

About twenty-five members and guests 
attended the March meeting. Appointment 
of a nominating committee for the coming 
election of officers was the most important 
item in the business meeting. 

The DuBois-Webb Company of Detroit 
was the sponsor. Mr. Lyle Eige of Fisher 
Governor Co. was the guest speaker. There 
were slides and discussion on Magnafilux 
and X-Ray tests. Good and bad valve cast- 
ings were shown. Other slides showed wun- 
balance and stem torque in some designs 
of valves, rendering the extreme cases un- 
workable. A few slides gave valve charac- 
teristics. 

At the April meeting the Foxboro Com- 
pany will show an electronic analog dem- 
onstrating automatic control. 


—JOHN MacPHERSON, Corr. 
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of Standards have work in 
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on items (a), (b) and (d) of ~janati: Sa 
gram. 
The convenience and utility of thell 


Bourdon tube pressure gage is general. 
ly recognized. It is generally used 
where its accuracy and range are ade. 
quate. At present these gages are avai. 
able to a claimed accuracy not exceed. 
one one-fourth percent of the range 
and in range up to about 50,000 psi, 
The situation indicates the need for 
further development, possibly of the 
accuracy, but particularly in the exten- 
sion of the range. 
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Forward your letter to INSTRUMENT 
SOCIETY OF AMERICA, 1117 Wolfen- 
dale St., Pittsburgh 12, Pa. 


INSTRUMENT ENGINEER with Chemical 
(preferred) or Mechanical Engineering Degree 
with at least five years’ experience in process 
plant instrumentation including the selection, in- 
stallation and operation of instruments by a large 
chemical manu Location Massachusetts 
Box 227. 


Co, 2953 
‘Seadle ao 
Vayne County 


acturer. 





SALES ENGINEER. Age 30-35, New York Dis- 
trict Sales Agency well established, desires mao 
familiar with process equi t such as chemical or 
power; r t New York zone for industrial 
plant contact. Some sales experience desirable, no 
essential. Correct personality, initiative: and de 
pendability important for congenial successful a 
sociation small group. Box 228. 
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facturer of industrial thermometers, recorders an¢ 
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LABORATORY INSTRUMENT TECHNICIAN TOR 


Experienced man is required by a large Wester’ 
Pennsylvania Industrial Research Laboratory [0' 
calibration and maintenance of instruments com: } 
prising electrical, fluid, temperature, pressure, 
electrolytic, hydrogen ion and miscellaneous in 
struments. Also some instrument application 20¢ 
technical assistance on research projects. Write. 
giving in first letter information concerning th 
particular —s Fae above for which you 1 
qualified. Box 230 
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The King 


Manometer 





1. Mercury Reservoir and passages are lined 
with a thermo-setting plastic, highly re- 
sistant to acids, caustic and thinners. 

2. Large Clean-out opening at back of Res- 
ervoir. 

3. Straight machine thread Drain and Clean- 
out openings with gasket seats. 

4. No pipe-dope on threads below surface 
of Manometer Liquid. 

Incorporates twenty years’ experience in 

building U-tube Instruments,—the King- 

Gage for measuring or weighing liquids 

in mixing, blending and storage tanks,— 

the King Manometer with seven improve- 
ments. 

Bulletin M-101 explains other new fea- 
tures, 

Engineering Representatives in 14 lead- 
ing Cities. 

(ne RAN 


KING ENGINEERING CORP. 


MICHIGAN 


ANN ARBOR 
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RESULTS 

Widely varying amounts of gases 
were evolved by this series of metals. 
Under the conditions of the tests, car- 
bonized nickel-plated steel evolved by 
far the greatest amount of gas. Firing 
at 25 in. per min. at 1600 F. in cracked 
gas seemed to have little if any effect 
upon it and the gas evolution during the 
three steps of the test was erratic in 
both samples. Such an unusually large 
generation of gas would necessitate a 
longer break-down schedule than most 
cathode materials. 

In sharp contrast to earbonized nick- 
el, aluminized steel stood out for its 
very small evolution of gas during bom- 
bardment and life tests. Results from 
this steel indicated not only that a very 
short break-down schedule would be re- 
quired to clean up the metal but also 
that process firing might be unneces- 
sary. Plain steel gave relatively low re- 
sults but only after being fired 8 in. per 


min. at 2050 F. in cracked gas. 


In general, firing treatment did not 


| change the gaseous properties of plain 


nickel or plain nickel-plated steel, but 
did improve the plain steel and oxidized 
nickel - plated steel. The carbonized 
nickel and blackened plain steel did 
not show the effect of firing until the 





Close-up of analytical section 
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life test (30 min. at 650 C.) 
cided improvement could be ; 

It can be concluded that pr: 
ing cannot be regarded as a ¢ 
effective clean-up method. 
metal must be tested to dete 
effect of the treatment. 

The rapidity of gas evolut 
generally with processing of t 
Theoretically the effect of f 
metals in a reducing atmosp! 
partly replace the gases in t! 
by hydrogen. Hydrogen can b: 
more easily by bombardment. ’ 
of evolution proved to be gi yera) 
faster for the fired metals than the , 
fired. This indicates a partial 


ment of the gases by hydrogen |eading 


to more rapid evolution. The an: 


gas evolved during bombardment fy. 
ther indicates the role of hydrogen j, 


more rapid degassing. Nearly al] t} 


samples undergoing a firing process 
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t into a m 


have increased in hydrogen and de.f 


creased in nitrogen content. The C0». 
CO equilibrium is somewhat unpredict 


able owing to the processing of t 
metals. There was some indication o 


the presence of hydrocarbons whic} 


would be included as carbon monoxid 
in the analytical data. 


The fact that 50.2 percent of the gasif 
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TABLE IV 
minutes at 650C. Gas volume cc. 
GROUP I 
\luminized Steel .. 0.0029 
Carbonized Nickel .........0.0101 
GROUP II 
Plain Steel ......-..---. 0.0698 
Plain Ni-plated Steel........0.0724 
Oxidized Ni-plated Steel..... 0.0795 
Blackened Plain Steel....... 0.0834 
Plain Nickel ......----.- ...0.0910 
GROUP III 
Carbonized Ni-plated Steel. .0.1510 














ogen would account in part for the 
®pid clean-up of this metal. 
ME Based on results obtained during a 
®-minute heating at 650 C. which repre- 
"Ents roughly the amount of gas evolved 
_ Muring the life of a vacuum tube, the 
etals can be separated into three dis- 
ct groups (Table IV). Aluminized 
eel and carbonized nickel after firing 
eatment are the best anodes. Carbon- 
od nickel is very poor and all others 
t into a middle group. 
‘CONCLUSION 
0.-[% The utilization of a microgas analysis 
it for study of the gas evolution of 
hetals under vacuum can be considered 
mn effective and practical method. Vari- 
tion among different metals, and the 
fect of processing these metals on the 
as evolution, can be quickly and accu- 
ately determined. Such tests obviate 
#he need of pilot production of commer- 
wial variations of a particular metal 
or promising substitutes for that met- 
) until their value is positively estab- 
ished by microgas analysis. 
For even broader applications, this 
pe of gas analysis may be used for 
letermining gas absorption or evolution 
not only all types of metals but also 
es. For example, in the high-vac- 
um conditions existing in fluorescent 
amps or even the higher-pressure at- 
nosphere of incandescent lamps, the 
volved gases from the glass bulb, the 
hosphors, or the tungsten may be 
measured. Similarly, the effectiveness 
getters can be readily studied by 
ich a means. Thus, it is possible that 
fany metals used for other purposes 
pnd in other fields may justify a similar 
nvestigation. The increasing tendency 
owards higher purity of product and 
hore exacting standards of technical 
rformance justifies and even necessi- 
ates the widespread adoption of such 
testing method. 
Acknowledgments.—The authors wish 
© express their appreciation to Mr. 
L. Lambert for preparation of the 
hetal samples and to Dr. E. F. Lowry 
nd members of the Sylvania engineer- 
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Here’s a chemical gage 





for any pressure to 1600 p. s. i. 
and also for vacuum or compound ranges, 
and temperatures to 300° F. 


@ An accurate pressure gage for use where 
chemicals or viscous liquids either corrode or 


clog a Bourdon tube. 


The diaphragm is “TEFLON” which resists 
practically all corrosive chemicals. The diaphragm 
chamber is supplied of any metal most suitable 


for the service. 


Write for complete information about the new 
Helicoid Chemical Gage. 








Only Helicoid Pressure Gages 
have the Helicoid Movement 


HELICOID GAGE DIVISION 


AMERICAN CHAIN & CABLE 


Bridgeport 2, Connecticut 
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TEMPERATURE CONTROL 


THE AMPLIFYING PILOT VALVE 


Continued fy 


The device just described has the inconvenience o{ 
of the controlled valve which, to open completely 
exhaust of the air filling the tube connecting diaphr 
controller, this exhaust taking place through nozzle | 
a relatively long connecting tube of a relatively | 


Boulin 

ment a 
coiling 
and pr 
strands 


as compared to that of nozzle D, we shall have a \ 











10 gra 
contain 


pi. 


sponse of the controlled valve to a given temperatur« 
the heating unit and to the resulting alteration of 
of pen A and of flapper B 

Another consequence is retarded controlled-valve 
practically instantaneous temperature controller actio 
already seen the inconvenience of such a delayed valy 

In actual practice, therefore, the discontinuous cont = 
designed as shown in Fig. 8. It uses an amplifying pi 


| 








DILLON multi-low-range 


aoe 








DILLON 


Calibrated pendulum accuracy for tensile, shear, 
transverse, and compression tests 


BOULI 


PORTABLE 
PORTABLE 


65 MAI 


Instont reading on large clear dial. Unsurpassed in 
accuracy among all load measuring devices—precise 
to 2 of 1%—calibrated by dead weight. 

The Dillon Tester is designed expressly for low range 
critical testing in ounces—tenths—kilos. It actually 
has four scales instead of the usual one or two, divided 
0-10 Ibs., 0-25 Ibs., 0-50 Ibs., 0-100 Ibs. Comes fur- 
nished with stepless speed motor providing draw bar 
travel of from 0” to 20” per minute—forward or 
reverse. Has automatic limiting switches, stress-strain 
recorder, elongation scale and steel stand. 





which comprises two concentric bellows J] and K and a baft 


closing more or less ports M and N connected respectively | 
air supply and to the exhaust. 

In this way, the movement of baffle L in one direction or jn | 
other covers gradually one of these ports while it uncovers gradual 








The Dillon multi-low-range universal Tester is the the other and alters, therefore, the pressure existing after t! Pp Y 
most modern, accurate and scientifically calibrated baffle between the air supply pressure (when inlet port \ 
testing machine available today. Use coupon below completely uncovered and exhaust port N completely covered) a : 
for detailed bulletin. ote oa hale Peat N ie c or 
DIAL SELECTION atmospheric pressure (when exhaust port N is completely 
TYPE RANGE DIVISIONS LINEAR SPREAD covered and inlet port M is completely covered), increasing 5 0 
a . . . . . . . 
Ounces 10 Ib. to 100 Ib. 1 oz. to 8 oz. 14, to 22%" decreasing this pressure according to the direction in which mov 
} | sa . . . * 6 
Kilos % 9 ib. to 100 ib: 5 to 2 Ko af : i" baffle L which is connected, in turn, to the joint surface of conc 




















tric bellows J and K. 

Atmospheric air is admitted between these bellows and | 
pressure after reducer G is exerted on the surface of the gre 
outer bellows J while the pressure after baffle L is exerted on t 
surface of the smaller inner bellows K. In this way, the pressu 
after reducer G has always to be counterbalanced by a high 
pressure after baffle L, these pressures being in inverse proport 

| tothe ratio of the areas of bellows J and K; therefore, pilot valve! ‘ 
| operates as a pressure-amplifying device. 

This pilot valve—the operation of which corresponds thus t 
amplified reproduction of the sudden or gradual changes ot t 
pressure existing after reducer G—is used in discontinuous 


Supplied with standard 12’ daylight opening; 24", 36’, 48"' available. 
w.'C€. DILLON A €Oe., INC. 


PRECISION INSTRUMENTS FOR PRECISION TESTING 
Complete catalog sent on request 





IT’S FOR YOU ... FREE TENSILE STRENGTH 








COMPUTER that tells in seconds the tension : : ; 
a ot which round or rectangular specimens trollers as well as in continuous controllers, We shall see now \ Eppley 
will break. Complete information on Dillon ' ea J é Z : ' ments a 
3 multi-low-range universal Tester sent is the improvement insured by its use in the total-action dis the con’ 
EE ae | tinuous temperature controller which we are presently studying Hat! 
W. C. DILLON & CO., INC. In this case, as before, a decrease of the temperature inside ' bo 
i i inoi . . ae . ment 
5410-G W. Harrison St., Chicago 44, Winois | heating unit below the lower limit of control results in a s ; ; 
: Cc | g tion, It 
oases send me of Gnsn, pout rae Vensile Strong Computer end movement to the left of pen A and flapper B against spring ‘ the Bur 
Complete information on the Dillon Tester. Sea ‘ : : . a Used 
| in a slight flow of air through nozzle D which, in turn, results Pyrhelic 
Name __ | sudden drop of pressure after reducer G down to atmospht of total 
Individual ____ pressure. 
Address one x This sudden drop of pressure exerted on the surface of th: THE 
> ‘ Pay é . . a eet heref 
City _ ~~ wae bellows J causes, in turn, a total rise of baffle L which, ther nik 
—_— covers completely inlet port M and uncovers completely « ¥ 
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Boulin Tensiometers measure yarn, cord, fila- Standardize 


ment and fine wire Tensions in winding and 

coiling operations. Their use insures uniformity on 

and prevents overstretching elite! breaking of 

strands. Made in 12 standard ranges from 0 to e ROWN 
10 grams and up to 2 to 20 Ibs. Full information 

contained in bulletin No. 647. 
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| Pyrometer Supplies 







It costs no more to 


use the best pyrom- 





eter supplies ... the 





best are made by 






Brown whose name is 






your assurance of top 







quality in materials, 












DO rnitn | tt workmanship and 
269 pte 690 “o . 
poo 00 0 specification. 





BOULIN INSTRUMENT CORPORATION 


PORTABLE AND STATIONARY CENTRIFUGAL TACHOMETERS 
PORTABLE CHRONOMETRIC ANDSTROBOSCOPIC TACHOMETERS 


65 MADISON AVENUE, NEW YORK 16, N. Y. 


| 
l€ 














[EPLAB | 
PYRHELIOMETER 


For the Measurement of 
SOLAR RADIATION 
















Brown Metal Protecting Tubes are available in— 
Carbon Steel e Cast Iron e Chromel T 
e Inconel e Nichrome e Nickel e 
Resisteat . Stainless Steel and 
Wrought Iron e A great variety of 
I.D. and O.D. « Drawn, Cast and 
Drilled e 8 to 20 gauge wire size. 





Eppley Pysheliometers are used for solar radiation measure- Also available in a wide selection of ceramic materials. 
ments at twenty-eight out of twenty-nine weather stations in , ¢ : J ? , 
te continental United States, Mexico, Canada and Alaska. Call in your local Brown engineer for a discussion of 
fon Sugme Mations ace unter he Gectian of he United your pyrometer supplies requirements. It will pay you 


The Rppley Pyrheliomecer was adopted as standard equip- to standardize on Brown. Write for catalog 100-2. 
ment by the Weather Bureau after considerable experimenta- 
5 a was found to be the best instrument so far tested by MINNEAPOLIS-HONEYWELL REGULATOR CO 
the Bureau. i 
Used in conjunction with a suitable recorder, the Eppley BROWN INSTRUMENTS DIVISION 
Pytheliometer will provide an accurate and reliable record , ‘ 
of total solar and sky radiation on a horizontal surface. 4482 Wayne Ave., Philadelphia 44, Pa. 


Bulletin No. 2 on Request 


THE EPPLEY LABORATORY, INC. 
Scientific Instruments 
Newport, Rhode Isliand, U.S.A. 


Offices in principal cities of the United States, Canada and throughout the world 


Honevwell by, / Gb, _ 
. : ee 44 
f : i FOR erven, areas BROWN 
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Measuring directly in inches 
or millimeters of mercury 


This new instrument is proving 
notably popular in various indus- 
tries for the measurement of 
absolute pressures from one milli- 
meter of mercury to the equiva- 
lent atmospheric pressure. 


It is a U-tube manometer with one 
leg sealed and filled with mer- 
cury; the other open tube leg 
connects to the source of pres- 
sure to be measured. The tube is 
removable and can be easily 
replaced, when necessary, with 
another tube, mercury filled, 
shipped directly to location. 


Of simple design—nocams, gears, 
levers—the Meriam U-Type Ab- 
solute Pressure Gauge is accurate 
and dependable. It is strongly 
built for lasting service. The gauge 
head fastens to the body by a 
single wing nut. Available in wall 
or flush front mounting styles. The 
wall mounted unit, illustrated, is 
Model C-1142 WM and is fully 
described in catalog sheet C-1142 
WM—oavailable upon request. 


THE MERIAM 
INSTRUMENT CoO. 


10958 MADISON AVENUE 
CLEVELAND 2 oHIO 
Western Division: 

1418 Wilson Ave., San Marino 9, Calif. 


In Canada: Peacock Bros. Ltd., Montreal 
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port, N; the pressure existing after baffle L and ex 
surface of inner bellows K becomes, therefore, also 






atmospheric pressure and, in this way, the tube co; 






phragm E of controlled valve F to the pilot valve is | 
to the exhaust N. 
As before, the air filling this pipe is exhausted but 






this exhaust is made through port N having a 
diameter than nozzle D and, therefore, much more 
through the latter. The addition of amplifying pj 







therefore, insures much more swift operation of contr: 
It must be noted that, in practice, it is not the absolut 
of pen A which. actuates flapper B but the relative , 
this pen with respect to a control-point setting-arn 
index.” 

Thus it is possible to set at the desired value, by n 
control index, the average temperature which has to be 











by the automatic controller. This average temperatur: tai 







in practice by maintaining the temperature inside the 
under control within two (high and low) limits of 
neutral zone between which is (as we have already se: 
tinuous action controllers) inversely proportional to th« 
of the controller. 

In what concerns this sensitivity, it is not adjust 
just-described controllers but there exist quite a numb. 
discontinuous temperature controllers—among them 









ange: | 
range 
"Controls 
Output F 















trically-operated ‘‘On-off’’ thermostats used in domesti 9 110 

in which the user may adjust to the desired extent not 220 

average temperature to be maintained but also the n rices: | 

between the high and low limits of control, i.e., the sensitivit | 

The discontinuous controller which we have just descr 

possible, as has already been shown, either ‘“‘High-low”’ or “0 : 

control, the controlled valve being provided or not wit! ' Ww 
s 


allowing to insure, when it is closed, a given minimum | 
heating medium. This controller does not allow, on the ot 
the third mode of discontinuous control, namely the ‘Success 
Multiple-step Control.” i 

(We shall not describe this last mode of control in the des 
part of the present writing, as it applies more especiall\ 
ally-operated than to air-operated instruments. 

We have already seen that discontinuous automatic té 
control is not advisable for heating units having a to 
inertia. The use of the above-described controller—th: 
convenience of which is its lack of flexibility—is theref 
to cases in which the fictitious mass of the heating 


control is very high, this fictitious mass serving, as we hav: 





said, as a “heat-flywheel’’ which equalizes the temperat 
tions inside this heating unit and which enables it to operat« 


: 
: A plain « 
i 


different rates almost without any transition from one to t ng Cerrose 
In all the other cases, a satisfactory automatic cont etal, etc. 
temperature in a heating unit requires the use of conti im Cerroseal- 
controllers, as otherwise this temperature may be su mooth glas 
excessive fluctuations resulting from an insufficient fictit oe 


of the heating unit and from a lack of flexibility of the dis 


® Prominent 
controller. 


‘ f : ; ; dvantages 
The first of the continuous automatic control methods w 


studied theoretically is the Floating Continuous Control 1. Doe 
of time elapsed alone) and we have seen that this mode 2 Isr 
is involved in an incidental way in the operation of a dist ia 
automatic control system when this system comprises a di 3. Pro 
action controlled valve or motor. of 
4.. Dor 

A NOTE ON THE FLOATING-TYPE CONTROLLERS S. les 

We shall not describe the practical way of designing a float Wb; 


continuous automatic controller, firstly because this 
control has (as we shall see later on), a fundamental inconvenie! 
which limits its application to special cases, secondly becaus 
applies mainly to electrically-operated instruments—just as 0 
the Successive Multiple-step Discontinuous Control—and w 
purposely limited the descriptive part of this essay to the desc! 
tion of air-operated automatic temperature controllers. 


Dept. 1! 


Nevertheless, it is possible to consider a hypothetical! 
continuous automatic temperature controller in the very s!! 

















MACDONALD 
{roPORTIONING TEMPERATURE CONTROLLER 


ange: Room temperature to 1000° F (special or higher 
ranges on request) 

ontrols Temperature Within: 0.1° F 

Dutput Power (available for furnace winding): 





Type A Type 18B 
110 volt operation 225 watts 825 watts 
220 volt operation 550 watts 1650 watts 


comPrices: f.0.b. Cambridge, Mass. Type A — $290.00 
ye Type 18B — $375.00 


Temperature Bulb for either model $40.00 
W. S. MACDONALD CO.., INC. 


33 UNIVERSITY ROAD 
CAMBRIDGE, MASSACHUSETTS 





Here’s News: 


Cotton swab now used as soldering iron 





A plain everyday cotton swab is all that is required for ap} 
ng Cerroseal-35 in hermetically sealing glass to glass, glas 
etal, etc. 
im Cerroseal-35 is an Indium solder that adheres directly to clear 
mooth glass, mica and some ceramics. It bonds to the same metal: 


ies ordinary solders. Working temperature is approximately 260°F 

mm" glass. 

Prominent Maker of’ Differential Pressure Gages Acclaims These 
dvantages of Cerroseal-35 Over Litharge and Glycerine Seal 


| 


1. Does not pull loose under vibration 

2. Is not dissolved out by various vapors to which sub 
jected in use. 

3. Provides leak-tight joint ready for test immediately 
after setting. 

4.. Dome breakage eliminated. 
Less skill required for asesmbling. 


Why not send for a free sample and instructions? 
Perhaps Cerroseal-35 is YOUR answer. 


Trademark 
Registered 


| CERRO de PASCO Copper Corporation 


Dept. 18 « 40 Wall Street - New York 5,N. Y. 
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the Wheels of Industry 


with 


ECLIPSE: PIONEER 
SYNCHRO-SWITCH SYSTEMS 





An outgrowth of aircraft type automatic 
remote control systems, the Synchro-Switch 
has been developed to provide industry with 
a precise method of remote operation and 
synchronization of two or more functions. 
Featuring quick response with optimum accu- 
racy, the system includes components that 
already have been proven capable of giving 
trouble-free performance over maximum 
periods of time. The components are a 
direction sensing amplifier with enclosed 
sensitive differential control relay, and two 
or more versatile Pioneer Autosyns*, of the 
transmitter, control transformer or differential 
type. Installation is accomplished merely by 
coupling one each of the system Autosyns to 
the functions to be synchronized. The Synchro- 
Switch System is the ideal answer to many 
remote control problems, such as automatic 
indexing of a rotary table, or synchronization 
of multi-engined power installation or con- 
veyor lines. Write our sales engineering 
department today for their recommendations 
on your installations. "REG. U. 5. PAT. OFF 


AVIATION CORPORATION 


Eclipse-Pioneer Division of 
TETERBORO, NEW JERSEY 


Bendiz Internationa VISIO Filth Avenue. New York 11. N.Y 
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MERCURY 
SWITCHES 


MERCOID 


Assure Accuracy, Positive 
Operation and Long Life 





Mercoid hermetically sealed switches are the most dependable means 
for opening and closing an electrical circuit. They cannot be affected 
by dust, dirt, moisture or corrosion; nor are they subject to open 
arcing, pitting, oxidation or sticking of contacts. 

They are successfully used in many industrial applications. 

There are various types available. The magnetic type, illustrated 
above. operates with the movement of the magnet—the tube remains 
stationary. The tilting type, opens and closes the circuit on a snap- 
action principle. Both types provide an instantaneous and positive 
“make"’ and “break"’ in the circuit. 

Our engineering staff wili assist in their application to any of your 
switch problems 

Further information sent upon request. 
THE MERCOID CORPORATION © 4217 BELMONT AVE. ¢ CHICAGO, ILL. 
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The offices of The Instruments Publishing Com- 
pany will be moved early in May to 921 Ridge Ave- 
nue, Pittsburgh 12, Penna. This notice lacks an eye- 
are nevertheless reading it. There- 
fore true friend. Your friendship deserves a 
reward. A useful and practical reward is money-saving 
We take pleasure in cutting prices on two books for your 
ONLY for your benefit. (This is the ONLY 
r.) The books are: (1) “Elementary Engi- 
neering Electronics” by Andrew W. Kramer, list price two 
lollars, yours for one dollar; (2) “Scientific Glass Blow- 
ing and Laboratory Techniques” by W. E. Barr and V. J. 
Anhorn, list price six dollars, yours for three dollars. 
These two books are not slow-sellers ; on the contrary they 
are both popular, but it’s good business for us to sell some 
of the remaining copies instead of trucking them to our 
new quarters—which means handling them several times. 
And it’s good business, likewise, to ascertain the percent- 
ages of our true friends in various regions and various 
industries. So you can buy copies at exactly half price if 
you act immediately and enclose remittance with order. 
This offer is good only until Monday evening May second, 
but for the benefit of readers on the West Coast (or who 
receive their copies late) orders postmarked before May 
first will be accepted. Remember that May first is a Sun- 
day. (Oh, well, if the postmark is A.M. of Monday May 
second, we will know that you mailed it Sunday and your 
order will be accepted.) Only one copy of each book to any 
single individual or company at this special price—but 
quantities of either or both may be ordered at this special 
price by teachers of Instrumentation (in schools or in com- 
panies) if the order clearly states that it is for educational 
purposes, We. see no reason for repeating this offer and 
therefore assure you that it will positively be withdrawn 
after May second. This is not a forced sale; it is your 
reward for reading this small-type advertisement in your 
favorite tech mag. Address your order either to 1117 Wolf- 
endale Street or to 921 Ridge Avenue (both Pittsburgh 12, 
Pennsylvania). 


catching headline. You 
you are a 


benefit and 
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form of an indicating, recording or blind thermomert: 





NOW 


electric contacts, the first of which is closed when 





temperature in the heating unit under control reac} 





limit of control and the second of which is closed wher 
ing temperature reaches the lower limit of control 
obvious that both of these contacts remain open wher 
ature in the heating unit remains within the chosen lim 
The motor which operates the controlled valve jis 
electric motor having two windings, each of which is 





CONTR 






HEAT 






one of the contacts of the automatic temperature c: 





this way, an increase of the temperature in the heati: 





may POWE 


control above the higher limit of control results in clos 













contact and in rotating the electric motor in a dir whi Temry 
closes the controlled valve; and a decrease of this 1 erat . 
below the lower limit of control results in closing the equip 
tact and in rotating the electric motor in a direction ' ceram 
the controlled valve. . contr 

It must be noted, first of all, that when the temper Input 
heating unit is within the two chosen limits of contro { t in cv 
tacts of the automatic controller remain eh the el 
is stopped and the controlled valve is in the last posit tional 
it was at the end of the preceding change. regul 

It must be noted, on the other hand, that the action « g brate 
opening the controlled valve continues as an exclusive carry 
the time elapsed from the moment when this closing « 

amps 


was started and that the rotation of the electric mot 
causes it is practically limited, in one direction or ir 
merely by the end-of-stroke contacts corresponding resp. 
to the full or relative closing or opening of this controlled val\ 
It is obvious, under these conditions, that if the result 
closing or opening of the controlled valve is not secured j 
sufficiently short time, i.e., if the decrease or increase of th 
input to the heating unit resulting from the 
position of the controlled valve does not counterbalance in a suf 
ciently swift way the initial increase or decrease of the temper: 


alteratior 


in the heating unit so as to bring again this temperature wit 
limits of control and thus stop the rotation of the electri 
the valve commanded by the latter will reach, in the meantime 
of its extreme positions and the whole system operate unde: 
“On-off”’ or 
under floating continuous control. 
Therefore, 
reactions of the heating unit depends mainly on its fictitious mass, t! 
correct operation of floating continuous temperature controllers 


continuous control— “High-low’’—instead of oper 


it will be understood that since the 


speed 


subjected to the condition of a sufficiently low fictitious mass 
this heating unit. We 
seen, a delayed action of the controlled valve 
continuous control into discontinuous temperature control 
swift action of this controlled valve can, 


can say moreover, that if, as we have alr 
can introduce floating 


conversely, transio 
floating continuous temperature control into discontinuous 

We can therefore conclude that, 
discontinuous controllers which are used on heating units 
a relatively high fictitious mass, floating coritinuous controllers cai 
be mainly used on heating units having a relatively low fictitiouff 


in a way Opposite to that 


havir 







mass; this condition limits their application and this is one of t 
reasons why we shall not discuss this mode of control i 
detail. 

To be continued 





Contribute Generously 
in April 


and again during any other month. 


to the 
American Cancer Society 


Address your contribution to “Cancer,” 
care of the Postmaster of your city or 
of the nearest city. 
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OW ACCURATELY 


n —— 
| CONTROL ELECTRIC 
DE 


HEAT AND CUT 
el 
POWER COSTS 


Temperatures of electrically heated 
equipment such as laboratory furnaces, 


ceramic ovens, etc. 
controlled with the 


may be accurately 
new ATC Type J4 


Input Controller at a substantial saving 
in current costs compared to conven- 
tional rheostat-control methods. Stepless 
regulation is manually selected on cali- 
brated dial 1 to 100%. Load contacts 
carry 25 amps. at 110 V., AC and 20 
amps, at 220 V., AC. 


REQUEST BULLETIN J-30 


NE 16 
{fm 
TIMERS: 


WLLL Ly 


te 


a 


STANDARD LINE AND SPECIAL 


AUTOMATIC TEMPERATURE CONTROL CO., INC. 


~ 5212 PULASKI AVENUE ® PHILADELPHIA 44, PA. 





Temperature Control | 





s  Yuatall POWERS No. 11 


Self-Operating 


| INDICATING REGULATORS 


Reduce costs and get a 
better,more uniform product 
with the constant tempera- 
ture maintained by this pop- 
ular Powers Regulator. An 
easy to read 4” dial thermom- 
eter indicates temperature 
of process or operation un- 
der control. Prevents losses 
caused by OVER-heating. 
Saves steam and labor. 


THE POWERS REGULATOR CO. 
2720 Greenview Ave., Chicago 14, Ill. 
Offices in 50 Cities 





, (a | WRITE FOR BULLETIN 329 
TEMPERATURE INDICATING REGULATOR 


‘ Simple *« Dependable « Economical 


“Everybody talks about the weather, 
but nobody does anything about it!” 


THERMOSTATIC 
BIMETAL 





4 ea 


399 Therafometer Cor. yg Selected for 


Ohio Thermometer 


No. 26 — Product of the 
OHIO THERMOMETER COMPANY 
Springfield, Ohio 


A coil of Chace Thermostatic Bimetal in the 
Ohio Advertising Thermometer helps keep 
advertisements before the public because, 
when ‘Everybody talks about the weather,"’ 
eyes travel at once to the nearest thermometer. 


The Ohio Thermometer uses Chace No. 6650 
Thermostatic Bimetal for the thermal element 
in the form of a spiral coil— one end of which 
is attached to the indicator shaft, the other end 
fixed. Change of temperature rotates the 
pointer to the correct temperature value. The 
markings on the dial have been carefully 
graduated to conform to the exact character- 
istics of the bimetal coil based on actual test, 
thereby giving accurate temperature indica- 
tions, throughout its range from —30 to 120°F. 


Chace Thermostatic Bimetal is available in 
strips or finished pieces for various desired 
applications. For aid in designing the actuating 
element for temperature responsive devices, 
consult or write our engineering department. 


w. M. CHACE co. 
Manufacturers of Thermostatic Bimetals 


1609 BEARD AVE. + DETROIT 9, MICH. 
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INVESTIGATE THESE 


NEW TYPE 


RECORDERS 






SEND FOR 
CATALOG 


DIRECT WRITING . . . INKLESS 
RECTILINEAR ... 
RUGGED CONSTRUCTION ... 


-and with an extremely high torque 
movement — 200,000 dyne cms 
for 1 cm deflection. 


[I the Sanborn Direct Writing Recorders, the 
records are produced by a heated stylus in con 
junction with heat sensitive paper. The recording 
paper is pulled over a sharp edge in the paper 
drive mechanism, and the stylus wipes over this 
edge as it swings, thus producing a trace with 
true rectangular coordinates, and with a totally 
negligible tangent error. 
The records are sharply defined and easily read 
a clear black line on a white background; and 
they are permanent — will not discolor or fade. 
Yet— messy and troublesome ink is eliminated. 
And the components are durable — ruggedly de- 
signed for continuous or for intermittent service 
under practically all rypes of operating conditions. 
These new and basic advantages, with the un- 
usual performance characteristics briefly stated 
below, are making Sanborn Recorders (already 
proven-in-use in more than 4500 "medical re- 
corders’’) the choice of instrument engineers for 
a wide variety of industrial applications. 





TABLE OF CONSTANTS 
Sensitivity 10 ma/i cm. 
Coil resistance 3,000 ohms, center tapped for 


push-pull! operation 


Critical damping resistance 500 ohms. 
Undomped tundamenta! frequency 45 cycles/sec 
Stylus heoter reavires from external source . 1.25 volts, 


3.5 amps, AC or DC 


Maximum undistorted deflection 
from center 


2.5 cm. each woy 
Morker requires from external source 1.25 volts, at 

1.5 omps, AC or DC 
Paper speed 25 mm sec. 


Chart ruling | mm intervols 


Other Sanborn" medical recording” instruments 
which have apparent industrial applications in- 
clude an Electromanometer for direct measure- 
ment of “pressures,” and (in the development 
stage) several models of multi-channel (2 to 6) 
recorders, both direct writing and photographic. 

Sanborn recorders are available in self-con- 
tained, portable recording outfits, complete with 
cases and controls, or in component form for in- 
tegration with existing equipment. Associated 
amplifiers are also available. 


For complete information, send for catalog, 
and briefly state proposed application, to 


SANBORN COMPANY 





Page 368—Jastruments—Yol, 22 








Manuta 


New Literatu 


In this department we report new literature pertaining to Instrumentation, receive 
| manufacturers, We urge readers to request ONLY those bulletins which will be 
them. Use the Postage-free Order Card on Page 37). 
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R-166 COMBUSTIBLE GAS INSTRUMENT. 
2-page Bulletin No. DT-4 illustrates and explains 
maker's ‘‘Explosilite’’ combustible gas instrument 
which continuously samples air of a working 
place, flashing alternate bright and dim red signal 
when flammable gas concentrations reach a pre- 
determined danger point.—Mine Safety Appliances 
Co., Braddock, Thomas and Meade Streets, Pitts- 
burgh 8, Penna. 


R-167 LOGARITHMIC ATTENUATOR. 6- 
age folder describes and illustrates maker's 
“Model 510 Kay-Lab Logaten’’ logarithmic attenu- 
ator, a network of non-linear circuit elements ad- 
justed to give an output voltage proportional to 
logarithm of input voltage. Applications, specifi- 
cations are Sioa .—Kalbfell Laboratories Inc., 
1076 Morena Bivd., San Diego, Calif. 


R-168 DIAL BORE GAGES. 4-page bulle- 
tin illustrates and describes maker's dial bore 
gages for larger bores, listing range extensions, 
uses, advantages, etc.—Nilsson Gage Co., Inc., 
Poughkeepsie, N. Y. 


R-169 D.C.-A.C. CHOPPER. 4-page Cat- 
alog No. 232 describes and illustrates maker's 
““Type 222’’ chopper, a single-pole, double-throw, 
electro-mechanical chopper, rectifier (demodulator) 
or square-wave generator. Listed are advantages, 
specifications, price lists, etc.—Stevens-Arnold 
Inc., 22 Elkins St., South Boston 27, Mass. 


R-170 RESET MAGNETIC COUNTERS, 
page Bulletin G47-59A describes and «oom ol 
maker’s reset magnetic counter for A.c. only. 


Actuated through clectromagnets, counters can be 
connected in series with any device having a con 
tact arrangement. Bulletin G47-59B illustrates 
maker's reset magnetic counter for D.c. only. 
For connection to dry cells, storage battery, or 
D.c. current in series with any device having a 
contacting arrangement.—Veeder-Root Inc., 25 
Sargent St., Hartford, Conn. 


R-171 ELECTRIC CONTROL DEVICES. 250- 
page catalog presents descriptions, illustrations, 
prices, features, and other information on maker's 
electric control devices; contains sections on re- 
sistors, rheostats, relays, d-c. control, amd miscel- 
laneous.—Ward Leonard Electric Co., 31 South 
Street, Mt. Vernon, N. Y. 


R-172 MICROMETER ADAPTERS. 4-page 
pocket-size folder illustrates and describes maker’s 
““Microdapters’’ which attach to outside microm- 
eters enabling them to measure inside dimensions. 
—Rimat Machine Tool Co., 1117 Air Way, Glen- 
dale 1, Calif. 


R-173 PHOTOGRAPHIC PLATES. 48-page 
sixth editica of booklet contains information on 
photographic plates for scientific and technical 
use. Includes discussion on sensitometric charac- 
teristics of photographic plates, classification of 


plates, ultraviolet and blue sensitivity, pan- 
chromatic and other sensitivity, etc.—Eastman 
Kodak Co., Rochester 4, N. Y. 


R-174 VACUUM-TUBE MILLIVOLTMETER. 
2-page bulletin describes and illustrates maker's 
““Model MV-17A" d-c. vacuum-tube amillivolt- 
meter, listing features, applications, specifica- 
tions, etc.—Millivac Instruments, P. O. Box 3027, 
New Haven, Conn. 


R-175 SCIENTIFIC GLASS PRODUCTS. 2- 
page Bulletin 10 describes and illustrates maker's 
heat-absorbing glass, clear heat-resistant 
glass, color glass filters, quartz, etc.—E. S. 
Scientific Glass Products Co., Div. of E. & S. 
Optical Co., 911 Willow Ave., Hoboken, N. J. 


R-176 ‘“‘CURRENT DATA ON HIGH- 
VACUUM APPARATUS.”’ 8-page Winter 1949 
issue of this house organ contains =, = 
“The Measurement of Low Pressures,”’ 
information on current developments in a “field 





of high vacuum.—Distillation Produ: 
Ridge Road West, Rochester 13, N 










































R-177 VISCOSITY TUBES. 12-; changes 
describes maker's viscosity tubes of eo ger - 
struction, of either bronze or stainless Mod flashli 
numbers with specifications and prices 4; listedamiver Cur! 
Also describes vapor-pressure bombs, gre.se-tec:; 100 
apparatus, and penetration needles.—Koehle: [a adie 
strument Co., 168-56 Douglas Ave., Jama approxima 
. Be ¢ s! 

R-178 “SCIENTIFIC APPARATUS anja M. Un 
METHODS.”’ 28-page Winter 1948-1949 issue ed dry 
this house organ contains articles on p! micre ith 
scopy, analysis with a mercury cathode. time’ witt bes 
polarography of lead, etc.; also section on « activat 
tific apparatus which illustrates and descr be efficie 


and reinstated items, etc.—E. H. Sargen 
155-165 East Superior St., Chicago 11, I!! 50°F! W: 


R-179 PNEUMATIC DEVICES, 12-page Bulldiilimation on 


tin L-15 describes and illustrates maker's ‘Cog 


as low 


trolled-Air-Power’’ devices which replace rep 
tive manual operations. Bulletin lists operatiog 
being done by devices, explains various model 
etc.—Bellows Co., 222 West Market St. Akro 
Ohio. 


R-180 TESTING MACHINES. 4-page Bulleti 
M describes operation and illustrates parts 





maker's ‘“‘multi-low-range’’ universal tester { 
testing paper, thread, fabrics, plastics, spring 
film, leather, bakelite, etc —W. C. Dillon & ( 


Inc., 5410 W. Harrison St., Chicago 44, Ill 

R-181 DIAL INDICATING HANDWHEEL 
8-page Catalog G illustrates and describes vario 
models of maker’s ‘‘Tejax’’ valve position ind 
cators which show exact readings in turns an 
fractions of turns, and may replace regular valy 
handwheels. Also pictures and explains vario 
models of ‘“Tejax’’ dial-indicating handwheels fa 
regulating and positioning equipment controlle 
by means of rotary or screw motion. Specifi if 
are listed.—Tejax Engineering Corp., Box 113 
Providence, R. I. 


R-182 REFERENCE GUIDE FOR MINIATUR 
ELECTRON TUBES. 6-page folder gives pert 
ment characteristics, data, and basing diagram 
for all miniature tubes announced to date, regard 
less of make. Also indicates similar larger Prot 
types.—Hytron Radio and Electronics Corp 
Lafayette St., Salem, Mass. 


HIGH-PRESSURE VALVES AND FIT 
TINGS. 32-page Catalog 100 illustrates and d 
scribes maker’s new “‘Speed Valve’’ with operat 
ing presstres up to 6000 psi, for fast assembly 
high pressure set-ups. No threading or bevelin 
of tubing necessary. Also describes bal! bearin 
valves, combination valves, series valves, meterio 
valves, high-pressure stainless steel valves and fit 
tings up to 100,000 psi. Spe@fications, features 
are listed.—Autoclave Engineers, Inc., P. 0. Bo 
1027, Erie, Penna. 


R-184 PUSH-PULL CONTROLS. 4-page bulle 
tin describes and shows diagrams of maker 
“Tru-Lay”’ push-pull controls for transmittin 
motion between two fixed points, where one | 
both may be changing relative position. Sctandar 
assembly, anchorage, capacity, etc., are discussed 
—Automotive and Aircraft Div., American Chait 
& Cable Co., Inc., 6-235 General Motors Bide 
Detroit 2, Mich. 


R-185 “BURRELL Doge myer - 
No. 49-1-33 issue of this house organ conta 
article titled: “Pure Water by Ton Exchange, 
explains and pictures various scientific laboratory 
-_ and equipment.—Burrell Technic! 
.. 1942 Fifth Ave., Pittsburgh, Penn 


R-183 















Supply Co 


R-186 “EBERBACH ANNOUNCER.’ !6-pagt 
No. 49-1-33 issue of this organ contaifi 
article titled: “‘Pure Water by Ton Exchange, 
explains and pictures various scientific !abor#'0" 















igh Power, 
er Weight 






high power from 
D Te the new 
sess A.M. Power 
are unexcelled! 
ple cell units scarce- 
“ ret i 2 Tr than an or- 
Modfimary flashlight cell 
listefmiver currents as 
Cestnfilih as 100 amperes, 
approximately 1.4 
s! 

.\ pA. M. Units are 
ed dry and acti- 
ed with water . . 
activated they 
be efficiently discharged at tempera- 
as low as —60°F. and as high as 
50°F.! Write Dept. AM for full in- 
mation on standard and special types. 


URGESS | 


FREEPORT, ILLINOIS 














New Burgess 
A.M. Power Unit 


RTABLE POWER UNIT 















Fairchild 
Precision 


linear Potentiometer 


In this integrating computer accurate resetability in both the single-solu- 
tion computer potentiometer and the integrating potentiometer eliminates 
hunting and carry-over errors. 

Fairchild’s low-torque Linear Potentiometer — which is a small precision 
instrument — can be reset to any selected resistance or angle of rotation 
with an accuracy thatis unsurpassed in any other single-turn potentiometer. 

This precision performance is maintained over a million cycles of opera- 
tion with long-life precious metal alloy contacts. For complete data ad- 
dress: Dept. ‘G’, 88-06 Van Wyck Boulevard, Jamaica 1, New York. 
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B) HAYS AIR FILTER GAGE 



















It pays to stand 
watch over air 
filters, to guard 
against possible in- 
efficiency due to 
excessive dirt col- 
lection. Install a 
Hays Air Filter 
Gage—It's quick 
and simple to install 

. indicates air re- 
sistance at all times 
.. warns when filter 
element needs 


cleaning or renewal... elim- 
inates guesswork . . 
alarm (if desired) when dirt dams 
proper air circulation. Full infor- 

mation in Hays Bulletin 46-751. 
purer Write for it today! 


. sounds an 























COLOR TEMPERATURE OF LIGHT | 
NOW MEASURED ACCURATELY 


\ SPECTRA 


The First Direct 


COLOR TEMPERATURE 
METER 


For instant, direct color 
temperature readings 
of both natural and 
artificial light 
























Now a color temperature meter that, for the first time 
eliminates the chance of human error. The Spectra is 
accurate, featuring an extra sensitive photoelectric 
cell, yet is as simple to use as an exposure meter 
Point it at the light source, touch the trigger, and the 
needle registers the color temperature correct within 
5°. Proper correction filters can be selected to 

permit setting up of consistent lighting stand ya, 
ards for color matching ( et 


Price $225.00 with Spectrasphere, carrying } 
case and handstrap. 





For complete details write to 


PHOTO RESEARCH CORPORATION 


~ 
¢= 
“y 5454°Harold Way, Hollywood 27, California 
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instruments and eauipment.—F} omeser (OF 
Co., Ann Arbor, Mich. 4 pressure ral 
. ussed G 


R-187 AUTOMATIC BLUEP; 



































| CHINE. 6-page folder describes ‘G Si ELECTR 
| maker’s ‘“‘Revolute M4’’ machin: Sues and illus 
| production of blueprints, whit. “O'S electric CO 
prints, blueline prints. Specific ‘ning with loc 
data, features, etc., are dix t conic impt 
| Revolute Corp., Rochester 4, N ” “ ~'¢ 
orre 
|  R-188 ETCHED-STEM THERM Rs NTI 
| page Catalog T-200 illustrates an , |S: filigs COU? 
er’s etched-stem thermometers fo; . ates maker's 
operations. Test design, scale ag ‘rotary, lin 
length, etc., are listed for ea ‘Mayeatures, ty! 
Ready Thermometer Co., 1118 d.—Duran 
Brooklyn 5, N. Y. Stamford, ¢ 
R-189 “GENERAL RADIO EXP! |. Min} ““CURRE 
8-page Vol. 23 No. 9 issue of tt + is house org 
presents articles titled: “A Crys Indic. not “nobatro 
“The Versatile Voltage-divider. ral R sen & Co. 
Co., 275 Massachusetts Ave., Camb; 39 qe Conn. 
R-190 “THE CAPACITOR.” 1¢ . | 
No. 2 issue of this house organ os aqme mame of th 
| titled: “A.C. Bridges,’’ and secti for buy MOVEM 
| sellers, and swappers.—Cornell-D; oes Fle ry issue, § 
<s Corp., Hamilton Blvd., South Pilai iN Pa a 
than ra} 
r R-191 ELECTROPHOTOMETER. 8-pape ye COmteols ‘ 
tin describes and illustrates maker's electro 
7 i tometer instrument for colorimetrix lysis. Ae gp 
‘ eration, specifications, features, etc., are discus os G 
i 5s! —Fisher Scientific Co., 717 Forbes St.. Pitish oliaiee pe 
(19), Penna. 
"ae aa ameta; Pro 
i gaw, R-192 HIGH-VOLTAGE RELAYS. 4-page | <9 
Fe 7 Section 1500 illustrates and describes various ; sag 
. of maker's ‘“‘custom-built’’ high-v a ) 
Ate we Ordering information, etc., included truth INSTR 
b 7 Dunn, Inc., 150 N. 13th St., Philadelphis fg! dg 
+ Penna. 1 
Ph . > J Laboratorie 
ag R193, “THE OSCILLOGRAPHER.” 16 Hills, Ca 
. ol. 11, No. 1 issue of this house organ pres 
ra &, articles titled: ‘“The DuMont Type 250 Cath? LABOR: 
} a ray Oscillographers,’”’ ‘On Improving the titled “‘F 
bed 4 CA formance of the Types 248 and 248A Osciqumrement of 
— graphers.”’ and others.—Allen B. DuMont Labqmm Ponts = af 
iy ty tories, Inc., Instrument Div., 1000 Main Aqmme — 
—s Clifton, N. J. ment 10 
k "¢@! m., Twenty } 
eee be 
fete he R-194 SOUND-LEVEL METER. 2-page bull. 
ei ae describes and illustrates maker's sound-level media, eq; T 
- 4 which feature: light weight, compact design. mame” TUBE T 
ae ASA requirements. Specifications and desig; —" 
5 “pocket size’’ instrument are also discussedim® rete ' 
fa Herman Hosmer Scott, Inc., 385 Putnam Aye” ee Hide 
Cambridge 39, Mass. Debeat ae 
ii is a complete 12-channel portable R-195 CENTRIFUGES. 140-page cataloe ig SOLID 
E trates and describes maker's micro, clinical ill ; 
laboratory for precision strain determination from static ical, serum, refrigerated, oil-testing, soil, {iM partial om 
f other centrifuges. Contains theoretical and p bing with m 
strain to a frequency of 5000 cycles per second, using tical information about centrifuges. Also Tibms Intends 
microtomes, and bottle shakers. — Internati lly traine 
resistance gages that are attached by cement to the Se > meme eeeneens Bicld Rood, Pea 
points of strain. R-196 CHUCK JAWS. 4-page Bulletin BS: 0 ELECTRI 
. . explains and illustrates maker’ s method of ma RS. 8-page 
In the field or in the laboratory...on a high-speed chuck jaws, giving typical examples.—Cerr 
¢ i . ; Pasco Copper Corp., 40 Wall St., New Yor 
locomotive or in the air... HATHAWAY strain record- N. Y. , 
ing equipment is ideal for the recording of STATIC R-197 “TRACERLOG.”* 12-page No. 16 PPty 
of this house organ contains articles of gen¢ for 
. interest to those in the field of radioactivity 
AND DYNAMIC STRAIN in structural members and descriptions of maker's equipment —Tr:c:rMll 9 
machines in operation Inc., 55 Oliver St., Boston 10, Mass ath 
. ‘ 
R-198 MULTI-TESTERS. 4-naee_ bulletin ear Co 
P . trates and describes maker's ‘“‘Model 30° mu y 
Complete with all necessary balancing controls and tester, covering 21 ranges. Also pictures and (ae MUtdl 
Yee y at : . ; scribes “‘Model 300" signal generator; ‘M ) you you 
monitoring instruments, precision calibrating device, 10-P,"" a nine in one instrument covering 
ranges; “Model 10’’ range master covering “OUr OWN 
wer ly equipment and oscillator, and t range as 10-P. Features, ranges, prices, et 
peter ry SP A la cussed.—Bradshaw Instrument Co., 348 Li ust drop 
S8-B Oscillograph. ston St., Brooklyn 17, N. Y. asking fe 
am und we'll 
R-199 “BIDDLE INSTRUMENT NEWS 
TYPE MRC-15 12-element Strain Gage Control page Vol. 5, No. 1 issue of this house on 
Unit. Fully described in Technical Bulletin SP 195H describes equipment made by company, pres 
discussions : titled: ‘“‘How Temperature Af iidew's ve 
Type S$8-B 12- to 48-element Oscillograph —a ggg Py the gag * — os and ned 
Fully described in Technical Bulletin SP {65H ‘ ” | Instrumes 





R-200 MULTI-POINTER GAGES. 8-p:ge Bully lladelphia 
tin No. 163-B describes and illustrates lates 1 PANEL 
| velopments in maker’s miulti-pointer gages: ° 











f] | plains use of diaphragm-operated unit for ™ a ae ae 
/ | urement of pressure, draft, or differential: ers,  milllis 
\ J a ‘a some of standard ranges available; describes ' ere, abe 
styles of casings.—Bailey Meter Co., 1050 !™Huiictin des 
INSTRUMENT COMPANY. | Road, Cleveland 10, Ohio. “meter im 
1315 SO. CLARKSON STREET * DENVER 10, COLORADO | R-201 U-MANOMETERS. 2-page Bulletio Me &7 84 
100 describes and illustrates maker's ©1008" 
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ser for pressufe Of vacuum. Basic prin- 
ecg ranges, construction, features, etc., 
press’i_—Gorrell & Gorrell, Haworth, N. J. 


: CTRIC COUNTER. 2-page bulletin 
d or illustrates maker’s ‘“Type NR’’ high- 
electric counter for automatic high-speed 
with local or remote control by electric 
ronic impulses. Ratings and prices, actuat- 
itch requirements, applications, etc., dis- 
_Gorrell & Gorrell, Haworth, N. J. 


/ »3 COUNTERS. 6-page folder describes and 


; aker’s “‘Productimeters’’ counters for 
co eer lineal, and other applications. De- 
‘atures, typical applications, and uses are 
4.—Durant Mfg. Co., Inc., 375 Fairfield 
Stamford, Conn. 


“CURRENTLY.”’ 4-page Vol. II, issue 
his house organ contains discussions on vyersa- 
of “nobatrons,”’ and three-phase regulators. 
nsen & Co., Inc., 375 Fairfield Ave., Stam- 


Conn. 


CORRECTION 
name of the maker of the TIME ESCAPE- 
MOVEMENT described on page 184, 
ary issue, should be “Precision Products, 
$16 S. Lansing Ave., Tulsa 5, Oklahoma’”’ 
than ““Grayson Controls Diy., Robertshaw- 
» Controls Co.”’ 


9) AERONAUTICAL INSTRUMENTS. 26- 
booklet presents illustrations of, and de- 
maker's G-load indicators; servo analyzers ; 
precision angular pick-off; synchronous 16 
amera; propeller speed governor. Features 
ices are listed.—Flight Research Engineering 
P. O. Box 1-F, Richmond 1, Conn. 


6 “INSTRUMENT NOTES.”’ 4-page No. 
ot this house orgam presents article titled: 
id Filled Pressure Gage Systems.’’—Sta- 


Laboratories, 9328 Santa Monica Blvd., 
y Hills, Calif. 
7 LABORATORY PLANNING. 16-page 


titled “‘Procedure in the Planning and 
ment of Laboratory Facilities’ presents 
-points’’ and suggestions concerning plans 

building of laboratories. — Laboratory 
ment Section, Scientific Apparatus Maker’s 
, Twenty North Wacker Drive, Chicago 6, 


bs TUBE TESTERS. 4-page folder describes 
Iiustrates maker’s latest complete line of 
ic mutual conductance tube testers. Covers 
t, portable and display models, listing fea- 
ete.—Hickock Electrical Instrument Co., 
Dupont Ave., Cleveland 8, Ohio. 


bo) SOLID ADSORPTION DRYING. 32- 
booklet titled ‘““Because Water Isn’t Pink’’ 
partial record of what various industries 
bing with maker’s equipment to solve drying 
ms. Intended for non-technical as well as 
lly trained readers.—Pittsburgh Lectro- 
orp., P. O. Box 1766, Pittsburgh 30, Penna. 


0 ELECTRIC AND MECHANICAL FLOW 
RS. 8-page Bulletin 800 describes and illus- 


—_—_—_— 

supply of these cards 
for the asking 

ur copy of Instruments routed 
0 several people? 

your Company Librarian for- 

bid mutilating tech mags? 

) you yourself wish to preserve 

our own copies intact? 


ust drop us a postal card 
usking for Inquiry Cards 
und we'll send you twelve! 





maker’s various steps in the production of 

a mechanical flow meters.—Penn In- 
_Anstrument Corp., 3116 North Seventeenth 
hiladelphia 32, Penna. 


1 PANEL INSTRUMENTS. 2-page bulle- 
ustrates and describes maker's hermetically 

Panel instruments supplied in voltmeters, 
ers, milliammeters, microammeters, and 

ers, ete., for a.c. and d.c, Another 2- 
mul‘etin describes and illustrates maker's 250 
_meter im five and one-half in. diameter 
it) 8.7 scale length for additional reada- 
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Nowss the Time to Have All 


Your Associates Subscribe to 


Instruments 


THE MAGAZINE OF 


Measurement 


and Control 





Group Subscription Plan 
SAVES MONEY 


Cash or check and FULL information with order—this 
cuts our office costs and we pass on the savings. Full infor- 
mation means (1) name, (2) address for mailing, (3) com- 
pany or institution name and (4) its address, (5) its products 


or services. Here is the Plan: 


| one-year new subscription or renewal 

2 one-year new subscriptions or renewals 
3 one-year new subscriptions or renewals 
4 one-year new subscriptions or renewals. 
5 one-year new subscriptions or renewals 


$3.00 
5.00 
6.00 
6.80 
7.50 


Each additional new subscription or renewal 1|.50 


NOTE—tThese rates are for U. S., 


U. S. possessions and Canada only. See the Table 


of Contents page (in front of magazine) for rates applying to other countries 


Start now to make up your group; and use card below to 
send for a form which will make it easy for you and your 


associates. 








Instruments, 1117 Wolfendale St., Pittsburgh, Pa. 


Here is your LITERATURE and INFORMATION order card 


(April 1949) 


Please have the following catalogs, etc., reviewed in this issue sent to me. 


Numbers . . 


Numbers 


a 


I also desire further information concerning the following products advertised in 
this issue (Write page dumber and name of company) 


Name 


ee ee ee 


(OR) Home Address...... 






ee ee 





ee 










































bility.—-Hickock Electrical Instrument Co., 10514 


Dupont Ave., Cleveland 8, Ohio. 


R-212 CASTING PROCEDURE, 2-page bulle- 
tin explains and illustrates maker's ‘‘Cerro Alloy’’ 
casting procedure. Selection of mold, mold prep- 
aration, and pouring of mold, etc., discussed.— 
Cerro de Pasco Copper Corp., 40 Wall St., New 
York 5, N. Y. 


R-213 DIELECTRIC HEATERS. 4-page bulletin 
describes and illustrates maker's portable ‘‘Model 
HD 1”’ dielectric heater, a one KW portable unit 
with hand gun for rapid curing of syothetic resin 
type glues, said to reduce production time in as- 
sembly of wood products. Function, application, 
and specifications are discussed.—Weltronic Co., 
19500 W. Eight Mile Road, Detroit 19, Mich. 


R-214 INDUCTION HEAT. 4-page Bulletin 
WTIH 20 describes and illustrates maker's induc- 
tion heating equipment for hardening and heat 
treating, brazing and soldering, forming, etc. Ad- 
vantages, features, physical characteristics, etc., are 
discussed.—Weltronic Co., 19500 W. Eight Mile 
Road, Detroit 19, Mich. 


R-215 ‘‘CENCO NEWS CHATS.” 26-page No. 
63 issue of this house organ contains descriptions 
and illustrations of maker's equipment, including 
pumps, slide rules, laboratory wire, time switches, 
etc.—Central Scientific Co., 1700 Irving Park 
Road, Chicago 13, Ill. 


ADVERTISERS’ 


INDEX 


R-216 LABORATORY EQUIPMENT. 64-page 
laboratory manual and catalog designed to assist 
scientist or technician in choosing necessary com- 
ponent parts of constant temperature control units. 
—Emil Greiner Co., 20-26 N. Moore St., New 
York 13, N. Y. 

R-217 REVERSIBLE THREAD GAGES. 4-page 
bulletin describes and illustrates maker's reversible 
thread gaging member, said to have approx. twice 
the gaging iength of standard A.G.D. design. 
Facts, + oy and advantages are discussed.— 
Swedish Gage Co. of America, 8900 Alpine Ave., 
Detroit 4, Mich. 

R-218 ROTAMETERS. 4-page Bulletin 18-RA 
describes and illustrates various models of maker's 
rotameters, listing bulletin numbers which give 
further information on each model.—Schutte and 
Koerting Co., 12th & Thompson Streets, Phila., 
Penna. 

R-219 FIXED GAGES. 116-page Catalog FG- 
4849 describes and illustrates maker’s perishable 
gages. Information for buyers and users includes 
specifications, diagrams, tables, price lists, refer- 
ence manual, etc. Presents information conforming 
to new thread screw system recently adopted by 
English speaking countries, using the inch as 
standard of measurement. Distributed free to any 
user of gages. To schools, business concerns, etc. 
price is: single copy, one dollar and fifty cents. 
Three or more copies, fifty cents each.—Sheffield 
Corp., Box 893, Dayton 1, Ohio. 
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SMALL-SIZE, HIGH V0. TAGE 
SELENIUM RECTIF ER 





Bradley's new high voltage seleniy 
rectifier—model SE8L—is low-price 
for production requirements. Rated 

1.5 ma D. C. and up to 3,000 vo 
peak inverse. For higher voltage + 
quirements, model SE8L can be use 
n series or multiplier circuits. Mea 
ures only !/,-inch in diameter—up 

3 inches in length. Completely sealed 


PHOTO CELLS 


SIMPLIFY PHOTO CEL 
CONTROL 


Luxtron* photo cells convert lig 
into electrical energy. No exter 
voltage is required to operate met 
and meter relays directly from Brad 
ley photo cells, improving contro 
over your processes, reducing yo 
costs. Housed model shown. Ma 
different sizes and shapes, moun 
and unmounted. 


*T.M. REG. U. S. PAT. OF 


Our engineers will select or 
develop rectifiers or phote 
cells to meet your needs ex- 
actly. Write for BRADLEY LINE 
showing basic models. 


BRADLEY 


INC 


LABORATORIES, 
INSTRUMENTS PUBLISHING COMPANY, ee ea es 
1117 Wolfendale Street, 


Pittsburgh 12, Pa. 
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